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Authority  for  this  investigation  was  given  by  letter  from  Mr.  J.  A. 
Rhodes,  Headquarters,  US  Army  Corps  of  Engineers  (USACE) ,  dated  25  September 
1975,  subject:  "Variations  in  Cementitious  Media,"  Work  Unit  31345.  All 
work  was  accomplished  at  the  Concrete  Technology  Division  (CTD)  (formerly 
the  Concrete  Laboratory) ,  Structures  Laboratory  (SL) ,  US  Army  Engineer 
Waterways  Experiment  Station  (WES)  under  the  general  supervision  of  Mr.  Bryant 
Mather,  Chief,  SL.  Project  leader  was  Mrs.  Katharine  Mather,  Chief,  Engi¬ 
neering  Sciences  Division,  Concrete  Laboratory,  at  the  time  of  this  work. 

Funding  for  the  preparation  and  publication  of  this  report  was  provided 
from  those  allocated  to  the  Technical  Surveillance  function  described  in 


Engineer  Regulation  1110-1-2002,  Cement  and  Pozzolan  Acceptance  Testing, 
dated  11  November  1977,  as  authorized  by  Mr.  Robert  Philleo,  Headquarters, 
USACE,  January  1983. 

This  report  was  compiled  under  the  general  supervision  of  Mr.  Bryant 
Mather,  Chief,  SL,  and  Mr.  John  M.  Scanlon,  Jr.,  Chief,  CTD,  and  under  the 
immediate  supervision  of  Mr.  Richard  L.  Stowe,  Chief,  Materials  and  Concrete 
Analysis  Group,  by  Messrs.  R.  E.  Reinhold,  R.  E.  Richter,  and  A.  D.  Buck, 
who  dealt  with  the  physical,  chemical,  and  petrographic  testing,  respectively. 
The  participation  and  assistance  of  many  other  present  menbers  of  the  CTD 
staff  and  former  members  including  Katharine  Mather  and  W.  G.  Miller  are 
acknowledged.  Mr.  J.  E.  McDonald  prepared  the  report  of  the  creep  tests. 

COL  Allen  F.  Grum,  USA,  was  Director  of  WES.  Dr.  Robert  W.  Whalin 
was  Technical  Director. 
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CONVERSION  FACTORS,  NON-SI  TO  SI  (METRIC) 
UNITS  OF  MEASUREMENT 


Non-Si  units  of  measurement  used  in  this  report  can  be  converted  to  SI  (metric) 
units  as  follows: 


Multiply 

_  _  _B_y_ _ 

To  Obtain 

calories  per  gram 

A. 184 

kilojoules  per  kilogram 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or  Kelvins 

inches 

2.54 

centimetres 

pounds  (force)  per  square 
inch 

6.894757 

kilopascals 

pounds  (mass) 

0.4535924 

kilograms 

quarts  (US  liquid) 

0.9463529 

cubic  decimetres 

*  To  obtain  Celsius  (C)  temperature  readings  from  Fahrenheit  (F)  readings, 
use  the  following  formula:  C  =  (5/9) (F  -  32).  To  obtain  Kelvin  (K)  read¬ 
ings,  use  K  =  (5/9) (F  -  32)  +  273.15. 
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VARIATIONS  IN  CEMENTITIOUS  MEDIA 

PART  I:  INTRODUCTION 

1.  When  this  project  was  started  in  1975,  it  was  recognized  that  the 
cement  industry  in  the  United  States,  even  as  other  industries,  was  in,  or  about 
to  be  in,  a  state  of  change  due  to  the  need  to  become  less  energy-intensive. 
Changes  such  as  use  of  dry-process  plants,  kilns  with  preheaters,  and  kilns 
with  calciners  were  already  being  made.  In  addition,  there  was  recognition 
of  the  likelihood  of  increased  use  of  blended  cements  incorporating  granulated 
slag  or  pozzolans  such  as  fly  ash  or  natural  pozzolans  as  another  means  of  con¬ 
serving  energy.  The  intent  of  the  investigation  was  to  look  ahead  at  changes 
in  production  and  use  of  cementitious  materials  as  these  might  affect  the  prop¬ 
erties  of  paste,  mortar,  and  concrete. 

d.  The  project  plan  contemplated  obtaining  a  wide  range  of  blended  ce- 
•ients,  companion  Portland  cements,  granulated  iron  blast-furnace  slags,  fly 
eiies,  natural  pozzolans,  and  other  pozzolans  and  subjecting  them  to  rather 
>o:-sp[ete  character izal  ion  tests  as  discrete  materials  and  in  mortars.  Materi¬ 
als  were  to  be  eliminated  along  the  way  if  the  tests  indicated  this  was  proper, 
following  the  characterization  stage,  three  port land-pozzolan  cements  and  their 
companion  port  land  cements  were  to  be  selected  along  with  at  least  one  of  each 
type  of  blending  material  for  possible  use  in  concrete.  After  consideration 
of  these  selections,  they  were  to  be  used  singly  or  in  combination  in  concrete 
mixture:'  followed  by  extensive  testing  of  concrete  specimens.  The  stated  ob¬ 
jective  of  the  project  plan  dated  30  September  1973  was  "to  study  the  effects 
of  changes  in  composition,  const i tut  ion ,  and  fineness  of  cementitious  media, 
or  an v  two  or  three  of  these,  on  s t rength -ga in ,  durability  in  freezing  and  thaw- 
in.'  oi  air-entrained  concrete,  permeability,  volume  stability  (.drying  shrinkage 
.md  retrained  expansion),  creep,  thermal  stability,  effect  of  curing  tempera- 
lute-.,  and  . *  ! i e r  ('an,  fete  properties  strongly  affected  by  the  nature  of  the 
a d  r . at  I  i  c  hinder.  ' 

3.  At  t.  i  t  tie  pro  je.  t  was  under  wav  and  there  was  better  realization  of 
the  nil:  an  •  t  -d  .  afidi.late  materials  available,  it  was  decided  that  the  purpose 
would  he  bet  let  served  it  the  materials  elimination  phase  were  deleted  and  as 
i.mv  re  levant  materials  were  tested  as  resources  permitted.  This  decision  was 


made  during  periodic  review  of  this  project  by  members  of  the  laboratory  staff 
representatives  of  OCE,  and  OCE  consultants.  This  meant  that  the  objective  as 
stated  above  had  to  be  modified.  Major  changes  were  that  more  materials  than 
anticipated  were  tested,  none  were  deleted,  and  no  concrete  mixtures  were  made 
The  planned  tests  that  were  deleted  were  those  for  resistance  to  freezing  and 
thawing  in  air-entrained  concrete,  permeability,  thermal  stability,  and  effect 
of  curing  conditions. 


PART  II:  SAMPLES 


4.  Physical  tests,  chemical  analysis,  and  petrographic  examinations 
were  made  on  a  group  of  59  cements,  12  fly  ashes,  5  natural  pozzolans,  19 
silica  fumes  (from  16  sources),  and  1  ground  granulated  iron  blast-furnace 
slag,  and  combinations  of  these  materials  to  characterize  them.  These  materi 
als  are  identified  below  with  alphabetical  groupings  by  location  within  each 
type  of  material: 

Cements 


Serial 

Fuel 

No. 

Cement 

Process 

Source 

Source 

RC-703 

Portland 

ii 

Dry 

Coal 

Alabama  1* 

RC-714 

Portland 

i 

Dry 

Coal 

Alabama  2* 

RC-751 

Portland 

i 

Wet 

Alabama  3* 

RC- 752 

Blended 

IS 

Wet 

Alabama 

RC-751 

Por tl and 

i 

Dry 

Coal,  19% 

G  a  s  ,  3 1  /w 

Arizona  1 

RC-752 

Blended 

ip 

Dry 

Coal,  19% 
Gas,  81% 

Arizona 

RC-763 

Portland 

ii 

Dry 

Arizona  2 

RC- 764 

Portland 

ii 

Preheater 

Arizona 

RC- 7  1  5 

Portland 

i 

Dry 

Coal,  7% 

Colorado 

Preheater 

Gas,  93% 

RC- 7  j  5 

Portland 

n 

Dry 

Coal  ,  77. 

Colorado 

Preheater 

Gas,  93% 

RC- 754 

Portland 

u 

Dry 

Coa 1 ,  7% 

Colorado 

Preheater 

Gas,  93% 

RC- 8  52 

Portland 

V 

Dry 

Coal,  7% 

Colorado 

Preheu ter 

Gas,  93% 

i;sAi;ci;-ic-i 

Blended 

(Slag) 

Germany  1 

USAKCK- IC-2 

B leaded 

(Slag) 

Germany  2 

RC- 755 

Port  1  and 

1 

Dry  process 

Coal,  27, 

Georgia 

Preheater 

Gas  ,  37% 
Oil,  61 "Z 

RC- 763 

Port  land 

l 

I  coland 

RC-  7bl) 

Port  1  and 

1 

1 c eland 

RC-723 

Por 1 1  and 

1 

Dry 

1 1 1 inois 

Rt;  -726(2) 

B 1  ended 

IP 

Dry 

I 1  lino  is 

RC- 7  72 

Port  1  and 

1  1 

Dry 

Preheater 

Kansas 

*  Different  plants  from  the  same  state. 


Serial 

Fuel 

No. 

Cement 

Type 

Process 

Source 

Source 

RC- 755 

Portland 

V 

Wet 

Manitoba,  Canada 

RC-756(2) 

Portland 

I 

Maryland 

RC- 761 

Portland 

I 

Mary  land 

RC- 758 

Blended 

IS 

Wet 

Michigan  1 

RC-719 

Blended 

IP 

Wet 

Coa  1 

Michigan  2 

RC-720 

Portland 

I 

Wet 

Michigan  2 

RC- 7  34 

Portland 

1 

Wet 

Coa  1 

Michigan  2 

RC-735 

B  tended 

IP 

Wet 

Coa  1 

Michigan  2 

RC-829 

Portland 

I 

We  t 

Coal 

Michigan  2 

RC-830 

Blended 

IP 

Wet 

Michigan  2 

RC  688(2) (3) 

fort  land 

1 

Wet 

Gas 

Mississippi 

RC- 721 

Blended 

IP 

Wet 

Coal 

Missouri 

RC-722 

Portland 

I 

We  t 

Missouri 

RC-738 

Portland 

1 

Wet 

Coal 

Missouri 

RC- 739 

Blended 

IP 

Wet 

Coa  1 

Missouri 

RC-740 

B  leaded 

IP 

Made  with 
bottom  ash 

Coa  1 

Missouri 

RC-831 

Portland 

II 

New  York 

RC-74b 

Portland 

I 

Wet  and  Dry 
Preheater 

Coa  1 

Ohio 

RC- 769 

Blended 

IS 

Dry 

Pennsylvania  1 

RC-770 

Port  land 

1 

Dry 

Pennsylvania  1 

RC-833 

Blended 

IS 

Wet 

Pennsylvania  2 

RC-834 

Portland 

I 

Wet 

Coal 

Pennsylvania  3 

RC- 716 

Portland 

I 

Wet 

Gas 

South  Carolina 

Oil 

RC- 7  1  7 

B 1  ended 

IP 

Wet 

Gas 

South  Carolina 

Oil 

RC- 729 

Port  land 

I 

Wet 

Gas /Oil 

South  Carolina 

RC- 7  30 

Blended 

I  p 

Wet 

Gas, Oi l 

South  Carolina 

RC- 74  1 

Po r  t 1  and 

I 

Wet 

Coa  1 

Tennessee 

RC-  74.’ 

B 1  ended 

1  p 

Wet 

Coa  1 

Tennessee 

RC- 7  36 

Port  1  and 

I/ll 

Dry 

Gas 

Texas 

Preheater 

RC-  7  3  7 

Pur 1 1  and 

1 1 1 

Dry 

Gas 

Texas 

Preheater 

RC-  7 4  4 

I’ort  land 

1 

Wet 

Cas/()i  1 

Texas 

RC-  74  3 

B 1  ended 

I  p 

We  t 

Cas/Oi 1 

Texas 

RC- 77  3 

B 1  ended 

1  p 

Wet 

( » t  j  s  /  ( )  i  ] 

To  xas 

iVr-nVara: 

/ 

a.iaLiUL 

Serial 

Fue  1 

Mo. 

Cement 

Type 

Process 

Source 

Source 

RC-807 

Blended 

IP,  MS 

We  t 

Gas/Oi 1 

Texas 

RC-807 (A) ** 

Pi' rt  land 

1 

Wet 

(las /Oil 

Texas 

RC- 718 

Port  land 

I  / 1 1 

Wet 

Short  Kiln 

(ias 

Wasli  i  n>;ton 

I’uzzo  I  all s 

Serial  No. 

Class 

Produced  from 

Source 

Mineral  Admixtures 


AD-3  1  8 

Pozzolan  N 

Volcanic  glass 

Ca.1  ifornia 

AD-516 

Pozzolan  N 

Volcanic  ash+ 

Greece 

AD- 5 1 3 

Pozzolan  N 

Volcanic  ash 

Oregon 

AD- 5 1 3 

Fly  As  it  C 

Lignite 

Colorado 

AU-510 

Fly  Ash  C 

Lignite 

Minnesota 

AD- 509 

Fly  Ash  F 

Lignite 

North  Dakota 

AD- 506 

AD-577 

AD-312 

FI v  Ash  F 

Fly  Ash  F 

Fly  Ash  F 

Lignite 

Lign i te 

Subhi tuminous  coal 

Texas 

Texas 

1  owa 

AD-305 

Fly  Ash  F 

Subbit uminous  coal 

Missour i 

AD- 507 

Fly  Ash  F 

Subbituminous  coal 

Missouri 

AD-511 

Fly  Ash  F 

Bituminous  coal 

Georgia 

AD-360 

Fly  Ash  F 

Bituminous  coal 

Georgia 

AD- 370 

Fly  Ash  F 

Bituminous  coal 

Kentucky 

AD-317 

Fly  Ash  F 

Bituminous  coal 

M  i  eh i gan 

AD-330 ,  -536 (2 ) . 
-536(3),  -536(4) 

S  i  1  tea  f  utne 

Silicon  metal 

Alabama 

AD-349 

Si  1  ica  fume 

Fe  r  ro  -s  i  1  i  eon 

Alabama 

AD-337 

Silica  fume 

Fe r ro-s i 1 i eon 

A J  nbama 

AD-348 

Silica  fume 

Ferro- si  1  icon 

Kentucky 

AD- 5 32 

S i  1  ica  f ume 

Fe r ro-s  i  1  i ea 

Mew  York 

AD- 5 53 

Silica  fume 

Ferro-chrome 

Mew  York 

AD- 3 30 

Silica  fume 

Mixed  fume  from  chromium, 
magnesium,  and  ferro- 
silicon 

Ohio 

AD- 331 

Silica  fume 

Si  1 ieon  met  1 1 

Ohio 

AD-  ->4  1 

Silica  fume 

S i l i con  me  ta  1 

Oh  io 

AD- 34 2 

Silica  fume 

Ferro-s i 1 ieon 

Ohio 

AD-  >4  3 

S  i  1  ica  fume 

Ferro-si  1  icon 

Oh  io 

AD- 34 3 

Silica  f  ume 

Ferro-s  i  1  icon  anti 

Tennessee 

manganese -si  I  icon 


Used  with  fly  ash  AD-577  to  make  KC-807. 
San  tor  in  earth. 


Source 


CLass 


Produced  f  rum 


Sou  ree 


AD-544  (Si 

75) 

Silica  fume 

Ferro -si  1  icon  7  5 

Washington 

AD-544  (Si 

98) 

Silica  fume 

Ferro-si 1  icon  98 

Wash ington 

AD- 5 58 

Silica  fume 

Ferro- si i icon 

Washington 

AD- 54 6 

Silica  fume 

Ferro- si  1  icon 

West  Virginia 

8iag 

AD-537i+ 

Blast-furnace 

siag 

Michigan 

Used  in  RC-758. 


PART  III:  TESTS  AND  PROCEDURES 


5.  In  addition  to  characterization  tests,  tests  were  made  on  combina¬ 
tions  of  these  materials,  as  pastes  and  mortars.  Special  procedures  as  de¬ 
scribed  below  were  required  for  the  tests  on  silica  fume  and  preparation  of 
paste  specimens  for  creep  tests. 


Physical  Tests 


Compressive  strength  o f  mortars 

6.  The  compressive  strength  of  mortars  made  from  the  cements  and  admix 
tures  was  determined  generally  using  the  procedures  in  American  Society  tor 
Testing  and  Materials  (ASTM)  C  109.  Mortars  were  proportioned  using  1  part 
cement  to  2.75  parts  graded  standard  sand,  except  for  the  mixtures  of  pozzolans 
or  silica  fumes  and  Portland  cement  which  were  proportioned  so  that  30  and  60 
percent  of  the  portland  cement,  respectively,  was  replaced  by  an  equal  absolute 
volume  of  pozzolan  or  silica  fume,  while  the  amount  of  sand  in  the  mortar  re¬ 
mained  unchanged  from  that  amount  used  in  the  portland  cement  mortars. 

7.  The  portland  cement  mortars  were  made  using  a  water-cement  ratio  of 
0.485,  as  specified  in  ASTM  C  109,  and  the  flow  measured  on  those  two  portland 
cements  (RC-688  and  RC-705)  used  in  the  pozzolanic  materials  portion  of  this 
work.  The  average  of  the  flow  measurements  on  these  two  portland  cements  was 
used  as  the  control  flow  for  the  portland  cement-pozzolan  blends.  The  water- 
cement  ratio  of  the  mixtures  is  shown  on  each  pozzolan  test  report. 

8.  Blended-cement  mortars  were  made  as  specified  in  ASTM  C  109  where  the 
water-cement  ratio  used  is  that  required  to  produce  a  flow  of  110  +  5  percent. 
Compressive  strength,  flow,  and  water- cement  ratio  data  for  blended  cements  are 
shown  on  each  blended  cement  test  report. 

9.  Mortars  made  using  mixtures  of  30  and  60  percent  replacement  of  port- 
land  cement  with  siLica  fume  were  found  to  be  too  dry  and  difficult  to  work 
when  mixed  at  a  0.485  water-cement  ratio;  therefore,  the  water-cement  ratio 
was  increased  to  achieve  a  flow  of  110+5  percent.  The  flow  of  110+5  per¬ 
cent  was  not  achieved  since  at  the  higher  water-cement  ratios  the  mortars  be¬ 
came  very  fluffy,  soft,  and  sticky  which  made  the  mortar  displace  and  adhere 

to  the  tamper  upon  tamping  the  mortar  i  ito  the  cube  mold.  Since  the  mortar 
could  not  be  properly  compacted  in  the  mold  and  finished,  the  water-cement 


ratio  was  adjusted  until  a  workable  mixture  was  achieved  and  then  the  flow  was 
measured.  The  water-cement  ratios  ranged  from  0.511  to  0.782  as  shown  on  the 
test  reports  for  silica  fumes. 

10.  All  compressive  strength  specimens  were  moist  cured  under  conditions 
complying  with  ASTM  C  511  for  24  hr  prior  to  demolding,  except  for  those  speci¬ 
mens  made  using  mortars  where  60  percent  of  the  portland  cement  was  replaced 

by  a  pozzolan.  These  specimens  were  demolded  after  48  hr  since  they  were  too 
soft  to  demold  at  24  hr.  After  demolding,  all  specimens  were  identified  and 
placed  in  quart*  glass  jars  with  two  cubes  per  jar  and  each  jar  filled  to  capac 
ity  with  lime  water,  sealed,  and  further  identified  on  the  outside.  These  jars 
were  then  stored  in  a  moist  atmosphere  at  23°  C  until  date  of  test. 

11.  Compressive  strength  was  determined  at  ages  3,  7,  28,  56,  90, 

180  days,  and  1  yr.  The  results  of  the  compressive  strength  tests  are  shown  on 
each  test  report  for  the  test  material,  i.e.,  portland  cement,  blended  cements, 
pozzolans  include  30  and  60  percent  replacement  of  cement  test  data  for  pozzo- 
lans  including  silica  fumes. 

Pozzolan ic  activity  index 

12.  The  procedure  in  ASTM  311  was  used  to  determine  the  pozzolanic  ac¬ 
tivity  index  with  portland  cement  of  pozzolans. 

13.  Ail  pozzolans  were  tested  for  strength  of  lime-pozzolan  mortar  by 
weighing  and  mixing  one  part  of  hydrated  calcium  hydroxide  and  nine  parts  of 
graded  standard  sand  with  sufficient  water  to  produce  a  flow  of  110  +  5  percent 
Three  2-in.  cubes  were  molded  from  each  test  mixture.  Mortar  mixing,  flow  test 
and  cube  molding  were  performed  in  accordance  with  ASTM  C  109.  After  each  set 
of  three  cubes  was  molded  and  cut  off,  the  mold  was  covered  and  placed  in  the 
moist  cabinet  at  23°  C  for  24  hr.  At  24  hr  of  age,  the  mold  was  sealed  with 
microcrystaiiine  wax,  inverted,  and  placed  in  a  forced  draft  oven  at  55°  C 

for  6  days.  On  the  seventh  day  after  molding,  the  cube  molds  were  removed  from 
the  oven  and  allowed  to  cool  to  room  temperature.  The  cubes  were  then  demolded 
and  tested  for  compressive  strength. 

14.  The  lime-silica  fume  mortars  were  adjusted  as  was  done  with  the 
portland  cement-silica  fume  mixtures  to  obtain  a  workable  mixture. 

15.  The  compressive  strength,  water-cement  ratio,  and  flow  values  are 
shown  on  each  test  report  for  that  pozzolan. 

*  A  table  of  factors  for  converting  non-Sl  to  SI  (metric)  units  is  presented 
on  page  3. 


Compressive  strength  of  pozzolans 
tested  without  portlan_d  cement 

lb.  All  fly  ash  samples  were  used  in  mortars  from  which  2-in.  cubes  were 
tested  for  compressive  strength  at  3,  7,  and  28  days.  The  mortar  mixtures  were 
proportioned  using  one  part  fly  ash  to  three  parts  graded  standard  sand  and  suf¬ 
ficient  water  to  produce  a  flow  of  110  +  5  percent.  The  mixing,  flow,  and 
casting  procedures  were  all  in  accordance  with  ASTM  C  109.  The  cubes  were 
cured  for  3  days  in  the  molds  in  a  moist  atmosphere  at  23°  C  before  demolding 
and  testing  for  compressive  strength  at  3  days.  The  remainder  of  the  cubes 
were  stored  in  lime  water  at  23°  C  until  date  of  test.  The  compressive  strength 
test  results,  flow  test  data,  and  water-cement  ratios  are  shown  in  the  test  re¬ 
ports  for  pozzolans.  AD-506  showed  some  strength  at  3  days  and  fell  apart  by 
7  days;  as  a  result,  testing  was  discontinued.  AD-507  and  AD-509  did  not  show 
sufficient  strength  to  demold  the  cubes  at  3  or  7  days.  Further  testing  was 
discontinued.  AD-510  was  cementitious  as  indicated  by  the  compressive 
strengths  at  3,  7,  and  28  days.  AD-512  was  cementitious;  however,  there  was  a 
loss  in  compressive  strength  from  3  to  7  days.  Cubes  expanded  from  2  in.  to 
2-1/32  in.  and  showed  some  cracking  by  day  7.  Tests  were  discontinued  at  7 
days.  AD-513  was  cementitious  as  indicated  by  the  3-,  7-,  and  28-day  compressive 
strength  data. 

Soundness  and  time  of  setting 

17.  Autoclave  expansion  and  t ime-of -setting  tests  were  performed  on 
normal-consistency  pastes  of  portiand  cement  and  of  blended  cements.  The 
normal- consistency  pastes  were  proportioned,  mixed,  and  tested  in  accordance 
with  ASTM  C  187. 

18.  From  the  normal-consistency  paste,  autoclave  specimens  were  molded, 
cured,  and  tested  in  accordance  with  ASTM  C  151.  The  autoclave-expansion 
test  was  performed  on  portiand  and  on  b 1  ended- cement  pastes,  and  on  20  percent 
mixtures  of  pozzolans  and  portiand  cement. 

19.  Time  of  setting  of  blended  cements  was  determined  by  mixing,  a  paste 
of  normal  consistency  and  testing  for  initial  and  final  time  of  setting 
according  to  ASTM  C  191. 

20.  Time  of  setting  of  portiand  cement  was  determined  bv  using  the  nor¬ 


mal  consistency  paste  to  form  the  test  specimen  and  checking  everv  10  min  for 
initial  or  final  set  using  the  procedures  of  ASTM  C  266. 


Air  content  of  mortar 

21.  Both  the  portland  and  blended  cements  were  tested  for  air  content 
in  accordance  with  ASTM  C  185. 

Density 

3 

22.  The  density  of  portland  cement  was  assumed  to  be  3.15  Mg/m  and  the 
air  content  calculated  while  the  density  of  blended  cements  was  determined 
using  the  procedure  in  ASTM  C  188  and  the  air  content  calculated  using  that 
density. 

23.  The  density  of  all  blended  cements  and  pozzolans  was  determined  by 
ASTM  C  188.  All  density  determinations  were  made  using  kerosine. 

Length  change  on  drying  or  soaking 

24.  The  drying  shrinkage  and  expansion  in  lime-water  test  specimens  were 
prepared  from  mortars  composed  of  the  same  materials  in  the  same  proportions 

as  those  mortars  for  determining  compressive  strength  of  portland  cements, 
blended  cements,  and  mixtures  of  pozzolans  and  portland  cement.  RC-688  and 
RC-705  were  used  as  the  control  cements. 

25.  Specimen  size,  molding  procedures,  and  mortar  preparation  were  as  pres 
cribed  in  ASTM  C  157,  except  the  specimen  initial  curing  period  was  extended 
from  24  hr  to  48  hr  and  to  72  hr  for  those  mortar  mixtures  where  60  percent  of 
the  portland  cement  was  replaced  by  solid  volume  with  a  pozzolan.  The  extended 
curing  period  was  necessary  due  to  the  slow  strength  gain  of  some  blends  of 
Portland  cement  and  pozzolans.  After  demolding  and  initial  length  measurement, 
the  prisms  were  returned  to  the  saturated  lime  water  for  additional  curing  to 

28  days  and  measured  again. 

26.  Six  1-  by  1-  by  11-1/4-in.  prisms  were  molded  from  each  mortar  mix¬ 
ture  and  the  inserts  set  for  a  10-in.  gage  length  in  each  prism.  After  the  ini¬ 
tial  28-day  curing  period,  each  set  of  six  prisms  was  divided  into  two  groups 

of  three  randomly  selected  prisms  each.  One  group  was  tested  for  drying  shrink¬ 
age  in  air  storage  and  the  other  group  tested  for  length  change  during  lime- 
water  storage.  Measurements  were  made  at  56,  180,  and  365  days,  with  some 
measurements  being  made  at  later  ages. 

27.  The  initial  curing  period  just  after  molding  was  accomplished  in  an 
atmosphere  maintained  at  23°  C  and  95  to  100  percent  relative  humidity  accord¬ 
ing  to  ASTM  C  109. 


28.  Additional  caring  of  all  prisms  up  to  28  days  of  age  was  accomplished 
in  lime-saturated  water  and  those  prisms  tested  for  length  change  in  lime-water 
storage  were  returned  to  the  saturated  lime  water  maintained  at  23°  C. 

29.  The  prisms  tested  for  drying  shrinkage  were  stored  in  an  atmosphere 
maintained  at  23°  C  and  a  relative  humidity  of  50+4  percent.  These  prisms 
were  stored  on  heavy  nonreactive  wire  mesh  so  that  all  sides  of  the  prisms 
were  exposed  to  free  air  movement. 

Fineness 

30.  The  fineness  of  portland  cements,  shown  on  each  portland  cement  test 
report,  and  the  fineness  of  blended  cements,  as  shown  on  the  test  reports  of 
blended  cements,  was  determined  using  the  test  procedures  and  apparatus  speci¬ 
fied  in  ASTM  C  204. 

31.  The  fineness  of  pozzolans  shown  in  test  reports  on  pozzolans  was 
determined  using  the  test  procedures  and  apparatus  specified  in  ASTM  C  311. 

For  the  silica- fume  pozzolans  the  test  procedures  were  modified  as  follows. 
Porosity  is  defined  in  ASTM  C  204  as  the  ratio  of  volume  of  voids  in  a  bed  of 
material  to  the  total  or  bulk  volume  of  the  bed.  Air-permeability  fineness  is 
fairly  accurate  as  long  as  the  porosity  of  the  test  material  is  near  that  of 
the  National  Bureau  of  Standards  Standard  Reference  Material  (SRM)  114  used  to 
calibrate  the  air-permeability  apparatus.  Silica  fume  was  weighed  and  tried 
until  a  sample  mass  was  found  that  could  be  compacted  as  required  in  the  test 
method.  Tf  the  compactive  effort  was  judged  to  be  near  that  of  the  SRM  without 
rebound,  a  test  was  completed.  In  the  process,  it  was  found  that  fineness  de¬ 
terminations  could  be  made  over  a  range  of  weighed  amount  of  silica  fume  and 
for  each  porosity  calculated  there  was  a  fineness  that  did  not  agree  with  fine¬ 
ness  at  other  porosities  on  the  same  sample.  This  indicated  that  fineness  was 
dependent  on  porosity  so  a  linear  correlation  coefficient  was  calculated  for 
each  set  of  data  for  each  sample  using  porosity  as  one  variable  and  fineness 

as  the  second  variable.  The  correlation  coefficient  indicated  the  variables 
were  related  and  could  be  expressed  as  a  straight  line.  From  this  the  fineness 
of  the  silica  fumes  was  extrapolated,  by  linear  regression,  to  a  porosity  of 
0.500,  as  shown  in  Table  1,  so  that  the  fineness  of  silica  fumes  could  be  com¬ 
pared  to  that  of  the  SRM. 

32.  Since  this  work  was  done,  ASTM  C  204  has  been  revised  to  include  a 
method  for  calculating  the  fineness  of  materials  other  than  portland  cement. 


Table  2  is  a  recalculation  of  fineness  of  materials  in  Table  1  using  the  origi¬ 
nal  measurements  for  fineness  to  calculate  the  fineness  of  each  by  the  method 
described  in  the  Appendix  of  ASTM  C  204. 

33.  The  correlation  coefficients  listed  in  Table  2  indicate  that  the 
closer  the  correlation  coefficient  is  to  one,  the  better  the  agreement  between 
fineness  determined  at  each  porosity  on  the  same  material. 

Creep 

34.  Two-inch  cubes  and  3-  by  6-in.  cylinders  were  made  for  creep  studies. 
These  specimens  were  cast  from  pastes  of  portland  cement,  blended  cements,  and 
mixtures  of  portland  cement  and  pozzolans  using  water-cement  or  water-cement 
plus  pozzoian  ratios  ranging  from  0.25  to  0.60.  The  intent  was  to  cast  speci¬ 
mens  from  pastes  that  would  not  bleed  or  subside;  however,  some  bleeding  and 
subsidence  occurred.  The  combinations  of  materials  used  and  starting  test  ages 
for  17  paste  mixtures  are  given  in  Appendix  A.  Comoarison  of  creep  data  for 
different  mixtures  provides  opportunity  to  study  the  effect  of  different  cements 
or  different  fly  ash  admixtures  or  different  amounts  of  one  admixture  or  water 
content  or  test  age  or  combinations  of  these  on  creep  of  paste. 

35.  Paste  preparation.  The  preparation  of  the  pastes  began  with  the 
mixing  of  portland  cement  using  a  water-cement  ratio  (w/c)  of  0.60.  Several 
mixing  procedures  were  tried  using  a  small  quantity  of  prehydrated  cement  in 

a  kitchen  blender  and  later  a  variable-speed  laboratory-size  pigment  disperser, 
both  methods  resulted  in  mixtures  that  bled  and  subsided.  Fillers,  such  as 
bentonite,  were  discussed  and  found  to  be  unacceptable  since  they  were  pozzolanic 
in  the  presence  of  a  hydrating  portland  cement. 

36.  Since  previous  trials  failed  to  produce  desirable  results,  it  was 
apparent  a  cement  was  needed  that  would  set  fast  to  hold  the  cement  particles 
in  suspension  and  stiLl  be  workable  enough  to  fill  the  molds  without  voids  and 
yet  plastic  enough  to  be  trowel  finished.  False-setting  cement  appeared  to  be 
worth  trying.  About  30  lb  of  portland  cement  (RC-688(3))  were  placed  in  an 
oven  set  at  approximately  80°  C  (180°  F)  for  at  least  72  hr  prior  to  use.  The 
intent  was  to  dehydrate  the  gypsum  in  the  portland  cement  to  hemihydrate  so 
that  faLse  set  would  occur  when  mixed  with  water. 

37.  A  paste  was  prepared  using  w/c  of  0.60  using  hot  water  and  hot  ce¬ 
ment  directly  from  the  oven.  The  mixing  procedure  was  that  described  in 
ASTM  C  451  using  a  mixer  that  met  the  requirements  of  ASTM  C  305.  Casting  of 


the  trial  specimens  followed  immediately  after  mixing  and  within  the  time 
period  described  in  ASTM  C  451  from  mixer  to  initial  penetration  of  the  false- 
set  paste.  This  mixture  did  show  false  set  and  specimens  cast  from  it  were 
cured  in  a  moist  cabinet  meeting  the  requirements  of  ASTM  C  511  until  the  speci¬ 
mens  showed  the  cement  was  beginning  to  show  initial  set.  At  this  point  the 
specimens  were  vibrated  on  a  vibrating  table,  using  a  low  amplitude,  to  return 
some  plasticity  to  the  paste  so  that  the  specimens  could  be  cut  off  and  trowel 
finished.  The  specimens  prepared  using  the  false-setting  cement  indicated  the 
procedures  used  would  produce  the  desired  results.  Sixty  percent  by  volume  of 
the  Portland  cement  was  replaced  with  a  pozzolan  (AD-510)  and  mixed  by  the 
false-set  procedure  using  w/c  of  0.60  and  produced  satisfactory  results,  also. 

38.  Compressive  strength  specimens .  Two-inch  cube  specimens  were  cast 
from  each  of  the  test  mixtures.  Cubes  cast  from  mixtures  where  the  w/c  was  0.60 
or  0.40  were  poured  and  spaded  with  a  spatula  to  eliminate  air  voids  and  placed 
immediately  in  the  moist  cabinet  to  develop  the  first  indication  of  initial  set 
before  being  vibrated  to  return  plasticity  to  the  mixture  so  that  the  specimens 
could  be  cut  off  and  troweled.  The  cube  molds  were  returned  to  the  moist  cabi¬ 
net  and  the  specimens  moist  cured  in  the  molds  until  the  initial  test  age  at 
which  time  ail  cubes  were  demolded.  Those  cubes  not  tested  were  placed  in 

lime  water  for  future  testing.  Each  cube  was  measured  prior  to  testing  for  the 
purpose  of  determining  subsidence  and  to  calculate  compressive  strength.  Com¬ 
pressive  strength  was  used  to  approximate  the  strength  level  and  age  at  which 
to  initiate  creep  testing. 

39.  Creep  specimejis .  Waxed  stiff  cardboard  cylinder  molds  (3  by  6-1/2 
in.)  were  instrumented  with  strain  gages  and  fitted  with  a  1-  by  3-in.  collar 
taped  in  place  to  tie  it  to  the  mold  and  sealed  against  water  loss.  The  molds 
were  filled  with  the  test  mixture,  covered  with  a  glass  plate,  and  stored  in 
the  moist  cabinet  until  the  cement  began  to  show  initial  set  or  was  plastic- 
enough  to  be  workable.  At  this  point  the  cylinder  molds  were  removed  from  the 
moist  cabinet  and  checked  for  bleed  water  by  pouring  the  free  water  on  top  into 
a  graduated  cylinder  for  measurement.  The  mold  was  then  vibrated  at  low  ampli¬ 
tude  to  return  plasticity  to  the  mixture.  The  collar  was  removed  and  the  top 
cut  off  and  trowel  finished.  After  troweling,  the  cylinders  were  returned  to 
the  moist  cabinet  until  24  hr  prior  to  creep  loading.  Pastes  made  using  the 
0.60  w/c  showed  bleeding  and  subsidence.  The  bleed  water  was  measured  and  the 
w/c  recalculated  based  on  the  water  remaining  in  the  mixture.  The  recalculated 


w/c  for  the  cement  paste  was  0.56  and  for  the  cement-pozzo lan  paste  0.58.  The 
specimens  cast  from  mixtures  using  a  0.25  w/c  were  molded  by  pressing  and  vi¬ 
brating  the  paste  in  the  mold  and  around  the  strain  gage  and  supports,  trowel 
finished  on  top,  and  moist  cured  until  24  hr  before  initiation  of  creep  test. 

40.  At  24  nr  before  creep  specimen  loading,  the  cylinder  molds  were 
stripped  from  the  creep  specimens  and  mounted  in  a  surfacing  machine.  The  top 
and  bottom  of  each  specimen  was  ground  to  plane  parallel  surfaces  perpendicular 
to  the  long  axis  of  the  cylinder.  Each  cylinder  was  ground  to  6  in.  in  length 
so  that  all  cylinders  in  the  creep  test  rig  would  measure  3  in.  by  6  in. 

Chemical  Tests 


Cements  and  blend s 

41.  Chemical  analysis  and  tests  for  heat  of  hydration  were  performed  on 
a  series  of  portland  cements  and  cement  blends.  The  portland  cements  and 
blended  cements  were  analyzed  for  composition,  reported  as  SiC^,  Al^O^,  Fe^O^, 
CaO,  MgO,  S0^,  Na^O,  K^O,  Ti02,  Mn^O^,  P2°5’  insoiubJ-e  residue,  and  loss  on 
ignition.  Acid-soluble  ar.d  water-soluble  alkalies  were  determined.  Heats  of 
hydration  at  7  and  28  days  were  determined  on  3  portland  cements  and  12  com¬ 
mercially  blended  cements.  Three  of  these  blends  contained  slag  and  nine  con¬ 
tained  pozzoians.  The  methods  of  analysis  are  listed  below,  and  some  are 
described  in  Appendix  E. 


Portland  Cements 


Components 


ai2o3 


Fe203 


Loss  on  ignition 
Insoluble  residue 
Acid-soluble  alkalies 
Water-soluble  alkalies 


Me  thods 


Primary 

ASTM  C  114,  NH4Ci, 
gravimetric 

ASTM  C  114,  ammonium  hy¬ 
droxide  group 
(R203  -  Fe203  =  A1203) 
ASTM  C  114 

ASTM  C  114,  gravimetric 

ASTM  C  114,  gravimetric 
ASTM  C  114,  gravimetric 
ASTM  C  114,  gravimetric 
ASTM  C  114.  gravimetric 
ASTM  C  114,  A A 
ASTM  C  114.  AA 


_ Secondary 

Double  evaporation, 
gravimetric 

Acid  filtrate  from  Si02. 
atomic  absorption  (AA) 

As  above 

Acid  filtrate,  EDTA, 
titration 
Acid  filtrate 


Methods 


Components 


Ti02 


p2o5 

Mn202 

Heat  of  hydration 


Primary 


ASTM  C  114,  solution  used 
from  acid-solubie 
alkali,  AA 

ASTM  C  114,  colorimeter 
ASTM  C  114,  acid  filtrate 
from  Si02,  AA 
ASTM  C  186 


Secondary 


ASTM  C  186-49  (Federal 
Method  1301.1  -  1960, 
alternate  method, 
paragraph  5-6) 


Blends 


Si02 

Ai20j 

Fe203 

CaO 


Components 


S03 

Loss  on  ignition 
Acid-soluble  alkali 
Water-soluble  alkali 
Ti02 
P203 

Mn203 

Heat  of  hydration 


Methods 


Primary 


ASTM  C  595,  gravimetric 
ASTM  C  595,  gravimetric 
differences 
ASTM  C  595,  titration 
ASTM  C  595,  gravimetric 


595,  gravimetric 
595,  gravimetric 


ASTM  C 
ASTM  C 
ASTM  C  114,  AA 
ASTM  C  114,  AA 
LiB02  fusion,  AA 
LiBO„  fusion,  plasma 
emission  (PE) 


j2  fusion,  AA 


LiB02 

ASTM  C  186-49  (Federal 
Method  1301.1  -  1960, 
the  al ternate  method 
for  blended  cements, 
paragrapli  5-7) 


_  Secondary 

LiB02  fusion,  AA 
LiB02  fusion,  AA 

LiB02  fusion,  AA 
LiB02  fusion,  EDTA, 
titration 


P  o  z  z olan s  and  slag 

42.  Pozzolans  and  slag  were  analyzed,  and  the  results  were  expressed  as 
oxides.  Alkalies  were  determined  as  water-soluble,  available,  acid-soluble, 
and  total.  Only  acid-soluble  alkalies  were  determined  in  slags.  Other  analy 
ses  were  for  moisture  loss  and  loss  on  ignition.  All  these  materials  were 
analyzed  by  ASTM  methods  except  for  total  alkali,  iron,  and  secondary  check 
methods  for  SiO^,  Al^O^ .  and  MgO.  The  total  alkalies  and  secondary  methods 
consisted  of  fusing  the  sample  with  LiBO., ,  followed  by  dissolving  the  fusion 
in  hydrochloric  acid  and  analyzing  the  solution  by  the  use  of  atomic  absorption 
spectroscopy  (AA) .  The  methods  used  for  analysis  are  listed  below: 


Fly  Ashes,  Natural  Pozzolans,  and  Slag 

Methods 

Components 

Primary 

Secondary 

Si02  (except  slag) 

Slag 

ASTM  C  311,  gravimetric 
ASTM  C  114,  gravimetric 

LiB02  fusion,  AA 

Ai2°3 

ASTM  C  114,  gravimetric, 
ammonium  hydroxide 
group 

(R203  -  Fe203  =  A1203) 
ASTM  C  114,  LiB02 
titration 

LiB02  fusion,  AA 

te2°3 

LiB02  fusion,  AA; 

ASTM  C  595,  titration 

CaO 

ASTM  C  114,  gravimetric 

LiB02  fusion,  AA  EDTA, 
titration 

MgO 

ASTM  C  114,  gravimetric 

LiB02  fusion,  AA 

so3 

ASTM  C  114,  gravimetric 

— 

Moisture  loss 

ASTM  C  311,  gravimetric 

— 

Loss  on  ignition  (slag) 

ASTM  C  114,  gravimetric 

— 

Loss  on  ignition  (others) 

ASTM  C  311,  gravimetric 

— 

Total  alkalies 

LiB02  fusion,  AA 

— 

Acid-soluble  alkalies 

ASTM  C  114,  AA 

— 

Water-soluble  alkalies 

ASTM  C  114,  AA 

— 

43.  Ueat-of-hydration  values  were  determined  by  replacing  30  percent  and 
60  percent  of  a  Type  I  and  Type  II  cement  with  pozzolan  by  solid  volume  and  mea 
sured  at  7  and  28  days  by  the  heat  of  solution. 

Silica  fume 

44.  There  were  19  silica  fumes  from  16  sources  analyzed  chemically. 

One,  AD-536,  was  blended  with  portland  cements  for  the  determination  of  heat 
of  hydration.  The  data  are  in  Tables  3  and  4.  The  various  types  of  fumes, 
chemical,  and  physical  properties,  are  determined  by  the  type  of  furnace, 
burden  in  the  furnace,  and  fuel  used.  The  silica  fumes  were  analyzed  for 
the  elements  present  and  results  were  reported  both  as  oxides  and  elements. 
Those  elements  determined  were  Si,  Al,  Fe ,  Ca ,  Mg,  S,  Na,  K,  Mn,  Cr,  and  Cl. 
Moisture  loss  and  loss  on  ignition  were  also  determined.  The  method  of  AA 
analysis  is  in  Appendix  E.  The  iron  method  described  in  ASTM  C  595  was 
erratic  in  results  and  in  AD-557  failed  to  detect  98  percent  of  the  iron 
present.  As  a  result,  a  new  method  for  fumes  and  pozzolanic  material  was 
developed  and  is  in  Appendix  E.  No  direct  method  was  used  to  determine  carbon 
content  in  the  silica  fumes  but  the  assumption  is  that  carbonates  are  in¬ 
cluded  in  the  loss  of  ignition.  Methods  of  analysis  are  shown  cn  the 

fol lowing  page . 


Methods 


WJ  'J ■» " V ■*  V ••  V  "J  V  V ’.V*  "«7  w "P-: 


Silica  Fumes 


Component 

Primary 

_ _ _ 

Secondary 

Si02 

ASTM  C  311,  gravimetric 

LiB02 

fusion,  AA 

ai2o3 

ASTM  C  311,  gravimetric, 
ammonium  hydroxide 

LiB02 

fusion  AA 

Fe2°3 

group 

(R203  —  Fe203  =  A1203) 
ASTM  C  114,  LiB02  fusion. 

LiB02 

fusion,  AA 

CaO 

titration 

ASTM  C  311,  gravimetric 

LiB02 

fusion,  AA 

MgO 

ASTM  C  311,  gravimetric 

LiB02 

fusion,  AA 

SO3 

ASTM  C  311,  gravimetric 

— 

Chloride  (Cl) 

Elec tric-tetrame trie 

— 

Cr203 

LiB02  fusion,  emission 

— 

Mn203 

argon  plasma  (EAP) 

LiB02  fusion,  AA 

_ 

Moisture  loss 

ASTM  C  311,  gravimetric 

-- 

Loss  on  ignition 

ASTM  C  311,  gravimetric 

— 

Total  alkali 

LiB02  fusion,  AA 

— 

Acid-soluble  alkali 

ASTM  C  114,  AA 

— 

Available  alkali 

ASTM  C  311,  AA 

— 

45.  The  acceptance  test  requirements  for  pozzolans  require  chemical 
analysis  for  sum  of  percentages  of  SiO^,  A^O^,  and  Fe^O^  but  do  not  require 
the  individual  values.  A  value  for  Al^O^  plus  lh^O^  °btained  based  on  a 
sodium-carbonate  fusion.  This  is,  however,  not  a  convenient  procedure  to  use 
if  one  wants  Al^O-j  and  Fe2°3  individually.  An  attempt  was  made  to  use  a  pro¬ 
cedure  involving  dissolution  in  mixed  acids  then  given  in  ASTM  C  595,  but  the 
results  were  not  satisfactory.  Hence,  a  procedure  based  on  a  lithium  borate 
fusion  was  adopted  and  used  successfully;  see  Appendix  E . 

he t  rog rap  hie  E  x  a  m  i  n  a  t  ion 

46.  The  procedures  used  in  the  petrographic  examinations  are  given  in 
Appendices  B  C,  and  D. 
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PART  IV:  RESULTS 


Physical  Tests 

47.  Tables  1  and  2  show  fineness  data  for  the  silica  fumes  calculated 
by  extrapolation  to  porosity  (e)  of  0.500  and  by  the  method  given  in  the  Ap¬ 
pendix  of  ASTM  C  204.  In  most  cases  the  agreement  between  the  two  methods 

is  satisfactory.  When  this  work  was  done,  the  ASTM  method  was  not  available. 

48.  Tables  3  and  4  show  length -change  data  (drying-shrinkage,  expansion) 
for  cements  RC-688  and  RC-638(3)  and  RC-705,  respectively,  with  nine  fly  ashes, 
seven  silica  fumes,  and  one  natural  pozzolan  at  30  or  60  percent  replacement 
levels  or  both. 

49.  The  report  of  the  creep  testing  of  cement  pastes  is  included  as 
Appendix  A. 

Chemical  Tests 


Cements 

50.  Tables  5  through  8  show  various  cement  parameters  compared  by  chemi¬ 
cal  analyses;  these  parameters  are:  use  and  nonuse  of  preheater  (Table  5),  use 
of  preheater,  different  plants  (Table  6),  use  and  nonuse  of  slag  (Table  7),  and 
use  and  nonuse  of  pozzolan  (Table  8).  Results  of  heat-of-hydration  tests  of 
blended  cements  are  given  in  Table  9. 

P ozzolans  and  slag 

51.  Tables  10  and  11  show  data  for  heat  of  hydration,  relation  of  heat 
of  hydration  to  CaO  by  chemical  analysis  and  surface  area,  and  chemical  data 
for  these  materials.  Fiy  ashes  with  high  CaO  by  chemical  analysis  such  as  AD- 
510  and  AD-513  reduce  the  heat  of  hydration  very  little,  if  any,  when  compared 
to  the  cements  at  7  days  and  30  percent  replacement.  AD-513  at  30  percent  re¬ 
placement  was  essentially  t lie  same  as  Type  1  cement  at  7  days.  Class  N  pozzo- 
lans  such  as  volcanic  ashes  and  silica  fumes  usually  contained  over  50  percent 
SiO^  (Table  12).  When  silica  fume  All-536  was  combined  with  cements  RC-688  and 
RC-705,  heats  of  hydration  wer<  reduced  about  12  and  7  cal/g  at  7  days  and  6  and 

5  cal/g  at  28  days,  respectively.  Newman  and  Wells*  discuss  undissolved  residues 

*  Newman,  E.  S.  and  Wells,  L.  S .  1952.  "Heat  of  Hydration  and  Pozzolan  Con¬ 
tent  of  Port land-Pozzol an  Cements,"  Journal  of  Research  of  Bureau  of  Standards, 
Vol  49,  No.  2,  Research  Paper  2342,  pp  57-60. 


of  cement-pozzolan  mixtures  from  heat  of  solution.  They  conclude  that  the 
rate  of  solution  will  vary  with  the  surface  area  and  with  the  type  of  pozzolan 
and  that  a  curve  must  be  determined  for  each  variety  of  pozzolan  and  of  cement 
They  did  determine  the  percent  pozzolan,  but  they  did  not  give  an  analysis  of 
the  residue.  A  comparison  is  made  in  Table  11  of  the  relationship  of  various 
percentages  of  calcium  of  different  pozzolans  and  their  fineness.  This  com¬ 
parison  was  made  by  comparing  the  heat  of  hydration  at  7  days  of  30  percent 
replacement  by  volume  with  various  pozzolans  of  a  Type  I  cement  and  a  Type  II, 

moderate-heat  cement.  The  fineness  of  the  pozzolans  varied  from  12,800  to 
2 

6,870  cm  / cc  in  these  blends  and  showed  no  relationship  to  heat  of  hydration 
when  compared  to  the  quantity  of  lime  in  these  pozzolans.  The  multiple  regres 
sion  factor  for  the  varying  quantity  of  lime  was  for  Type  I  cement  blends, 
89.98  percent;  and  for  Type  II,  moderate-heat  cement  blends,  74.98  percent. 

32.  Chemical  data,  expressed  as  oxides,  are  shown  in  Table  13.  They 

show: 

a.  A  range  in  S1O2  from  43  percent  (AD-345)  to  97  percent  (AD- 
5360))  with  11  of  the  16  different  fumes  containing  more  than 
80  percent  SD^. 

b.  A  large  amount,  23  percent,  of  in  AD-54  5  with  a  low  SiCH 

content  of  43  percent  and  significant  amounts  of  A^O^,  Fe2t>3, 
CaO,  MgO,  and  alkalies. 

c.  High  iron  contents  for  fumes  AD-546,  549,  and  557  (14,  11,  and 
13  percent,  respectively). 

d.  Twelve  and  ten  percent  MgO  in  AD-550  and  AD-553,  respectively. 

e.  Especially  high  K2O  (7  percent)  in  AD-545. 

f.  Over  4  percent  chloride  in  AD-550. 

g.  Loss  on  ignition  of  12,  14,  and  11  percent  in  AD-544 (98),  AD- 
549,  and  AD- 53 7,  respectively. 

51.  The  same  basic  data,  expressed  as  elements,  are  shown  in  Table  14. 

Physical  and  Chemical  Tests 

54.  The  test  reports  for  each  of  the  materials  (59  cements. 

11  fly  ashes,  3  natural  pozzolans,  1  slag,  and  19  fumes  from  16  sources)  are 
included  in  Appendix  F;  some  reports  include  tests  on  more  than  one  sample. 


PART  V:  DISCUSSION 


56.  Since  so  many  different  materials  (cements,  pozzoians,  and  slag) 
and  types  of  data  (physical,  chemical,  and  petrographic)  are  presented  in  this 
report,  it  was  impractical  to  present  a  detailed  discussion.  Instead,  the  data 
are  presented  for  such  use  as  may  be  desired. 

57.  Some  discussion ■  is  included  in  Appendices  A,  B.,  C,  and  D  and  is  not 
repeated  here. 


PART  VI:  CONCLUSION 


58.  The  use  of  energy  conservation  measures  such  as  preealciners  or  pre 
heaters  in  producing  portland- cement  clinker  did  not  have  any  significant  ef¬ 
fect  on  physical  or  chemical  properties  or  constitution  of  the  cement  as 
revealed  by  petrographic  examination  as  compared  with  samples  not  produced 
with  such  equipment. 
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Table  2 


Fineness 

Values  for 

Silica  Fume 

Recal cul ated 

According  to  A STM  C  204 
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cm  /_g 

Area 

Correlation 

Coefficient 

AD  No. 

m  /kg 
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1.011  0.010 
i.037  0.  018 
i.  088  0.015 
'.111  0.081 
1.  108  0.  03  3 
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Table  4  (Continued) 


PC's 

PUT  05 

hD=hE 

509  PC  T_PEPL=  30 

PC  = PC  7  05 

MD=8r 

s  o  -* 

obc 

TIME 

DRV 

MET 

□e:  time 

DPT 

MET 

£14 

£8 

0.  0  07 

0.  007 

£19  £8 

0 .  0  0  7 

0.  002 

£15 

56 

-0. 088 

0 .  0 1  4 

£80  36 

-0. 087 

Ci .  0  1 

cl  6 

90 

-0. 038 

0 .  0 1 8 

££  1  9  0 

-0.1  0 1 

ci  .  o  i  r 

£17 

180 

-0. 114 

0.  088 

£££'  1  8  0 

-o.lll 

0.  023 

£18 

385 

-0.  115 

0.  038 

££3  365 

-0.  1  06 

Ci .  Ci  3  T 

PC* 

PC  7  05 

RD=hI 

510  PC  T_REF'L=  30 

PC= 

PC  705 

RD=RI 

5 1  0 

OE3 

TIME 

DPY 

MET 

QE3 

T I  ME 

DPY 

MET 

££4 

£8 

0.  014 

0.  015 

££9 

£8 

0 .  0 1 8 

0 .  0 1  9 

££5 

56  - 

-0. 084 

0.  0£3 

£30 

56  - 

-0. 075 

0.  0£  3 

££  6 

90  - 

-0. 098 

0.  0£6 

£31 

9  0  - 

-0.  980 

0.  030 

CCi' 

1 8  0  - 

-0.  114 

0.  036 

£  3£ 

180  - 

■0.114 

cco 

365  - 

•0.  117 

0.  05  0 

C 

365  - 

■0.  1  £  0 

0.  056 

PC  =PC  705 

RD=RD 

511  PC  T_REPL  =  30 

PC=PC  705 

RD=RD51 1 

oe: 

TIME 

DPY 

MET 

DEC  TIME 

DPY 

MET 

£34 

£8 

0.  006 

0.  006 

299 

28 

0. 008  0. 007 

£35  56 

-0.  088 

0.  014 

£4  0  56 

-0.  081 

0.  01 1 

£  36 

90 

-0. 098 

0 .  0 1 6 

£4  1  9  (i 

-0. 093 

0.  014 

£37  180 

-0.  1  1  £ 

0.  0£4 

£4£ 

ISO 

-  0 .  1  0  0  0 .  0 1 8 

£38  365 

- 0 . 114 

0.  0  3£ 

£43  365 

-i).  0  94  i).  h  8' 

PC  *P 

C  705 

QE  3 

TIME 

£44 

£8  ( 

£45 

56  -  C 

£46 

90  -c 

£47 

180  -0 

£43 

36?  -C 

hD=hI 

5 1  £ 

DPY 

WET 

.  0 1  £ 

0.  013 

.  03 1 

0.  0£  1 

.  06  9 

0.  0£  3 

.  1  0 1 

0.  090 

.  1  05 

0.  0  39 

PC  T_PEPL=30 


PC  = 

PC  7  05 

RD=RI 

51 

C 

□£": 

TIME 

DPY 

l> 

*- 

UJ 

£49 

£6 

0. 

0 1 8 

0. 

0£  0 

£50 

56 

-  0 . 

05  0 

0. 

0 1  9 

£51 

90 

-0. 

058 

0. 

0£3 

£5£ 

1  8  O 

-0. 

073 

0. 

(i  33 

£53 

365 

-0. 

071 

0. 

054 

(Cont inued) 


Table  A  (Continued) 


hD=hL 

51 

3  PC  T_F  ERL=  30 

RC= 

;,C705 

hD=hD 

DRY 

i.i 

ET 

□  BS 

TIME 

DPV 

i .  Ci  i  j  7 

0. 

007 

859 

w3 

0  .  0  1  0 

i.  098 

0. 

0 1  4 

880 

56 

-0. 053 

i.  1  03 

0. 

017 

881 

?  *  j 

-0. 080 

i.  114 

0. 

084 

883 

180 

-  0 . 038 

1.119 

0. 

0  38 

tl!  6  1' 

365 

-O. 078 

PCT_PEPL=80 


hD=hD 

51 

3  RCT_REPL-30 

RC-RC705 

hD=8D 

518 

DRY 

MET 

OEM 

TIME 

DRY 

MET 

}  .018 

O. 

018 

£6»9 

£•3 

0  .014 

0.  015 

J.  1  04 

-•  • 

0 1 9 

£70 

58 

-0. 138 

0.  013 

:i .  1 3  3 

v  ■ 

088 

871 

90 

-0.181 

0.  014 

j.  141 

039 

c!  i  c! 

18  0 

-0.  191 

0  .  0 1  8 

149 

037 

£73 

385 

-0. 193 

0.  034 

RCT_REPL=80 


hD=mD5  38  PCT_RERL=  3  0 


pr=pr 705  hD=hD538  PCT_REPL=80 


DPV  MET 


TIME  DRY  MET 


0.  019 
-O. 138 
-0. 188 
-0.  180 
-0.  809 


0 1  9 

£7  9 

C  ’•-< 

— ■  U  •  c!  *  w1 

0. 

038 

080 

£8  0 

58 

-0.885 

03  0 

38 1 

90 

-0. 305 

0  3  0 

0  3 1 

C  '!■  C. 

130 

-O.  335 

03  3 

0. 

1*1  *!  ;*! 

£83 

-i  “t  C 

— 0 . £78 

080 

884 

365 

-0.  304 

0. 

051 
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Table  4  (Continued) 


C7T'5 


RD=hD536 <8> 


PCT_REPL=30 


RC-RC705 


RB=RD541  PCT_PEPL=60 


TIME 

DRY 

WET 

DBS 

TIME  DRY 

WET 

cl  O 

-0. 143 

0.  019 

£91 

£8  0.039 

0.  030 

5e 

-0. 149 

0  •  U  cl  d 

393 

56  -0.339 

0.  033 

90 

-0.1  73 

0.  034 

393 

90  -0.345 

0.  033 

ISO 

-0.  194 

0.  036 

394 

180  -0.346 

0.  043 

335 

-0.1 46 

0.  079 

£95 

365  -0.344 

0.  051 

3c.  5 

-0.  19c' 

0.  043 

C705  RD=hD543  PCT-REPL=30  RORC705  RD=RD543 


TIME 

DRV 

WET 

DBS 

TIME 

DRY 

WET 

38 

0.  039 

0.  030 

301 

£8 

0.  031 

1 

.  03  3 

56 

-0. 198 

0.  034 

3  03 

56 

-0. 115 

1 

.  037 

90 

-0.  317 

0.  038 

303 

90 

-0. 13 £ 

1 

.  040 

180 

~  i.i  •  c’ ll!  f 

0.  043 

304 

180 

-0.  145 

i.  047 

365 

-0.  c:4t. 

0.  051 

305 

365 

-0. 147 

i.  05£ 

PCT_PEPL=c.O 


C705 

RD=MD54 

•z' 

TIME 

DP 

Y 

WET 

£8 

-0. 

138 

0. 

035 

56 

-0. 

154 

0. 

033 

90 

-0. 

169 

0. 

031 

180 

-0. 

1  78 

0. 

033 

330 

-0. 

175 

0, 

053 

365 

-0. 

175 

0. 

053 

PCT_REPL=30 
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I  able  4  (Concluded) 


CT  05 

hD=mE 

570  PC  T_PEFL=  30 

PC=PC705  ■: H > 

RD 

=RD5 

TIME 

DRY 

WET 

OBS 

TIME 

BPY 

WET 

SS 

0.  009 

0.  01  0 

31? 

c’S  0. 

OS  9 

0.  OS 

-0. 0S4 

0 .014 

31 S 

56  -0. 

3 1-:  1 

0.  03 

90 

-0.  0  93 

0 .  0 1  9 

319 

9  0  -  0 . 

34.4 

0.  03 

ISO 

-0. OSS 

0.  OS 5 

3  S'  0 

1 S  0  -  0 . 

345 

0.  04 

365 

-o. 09 r 

0 .  0  3 1 

3S 1 

365  -0. 

345 

0.  05 

C  70S ' H >  hD=hD 543 


of  : 

TIME 

DP 

V 

wet 

3SS 

S  S 

-0. 

1  36 

0.  01 

3S  3 

56 

-0. 

151 

0.  OS 

3S4 

90 

-0. 

170 

0.  OS 

3S5 

ISO 

-0. 

1 S9 

0.  OS 

3S6 

33  S 

-0. 

1  s  0 

0.  04 

3S7 

365 

-  0 . 

1S1 

0 .  04 

P C T  _  P  E  P  L  ~  3 0 


1 


PCT_PEPL=60 
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m  +■  'ii 


Comparative  Chemical 

Table  5 

Analyses  of  Two  Portland 

Cements 

Made  With 

and  Without  a  Preheater 

Type  II 

Type  II 

RC-763 

RC-764 

Chemical  Data,  % 

No^  Preheater 

Preheater 

Si02 

22.4 

23.  1 

ai2o3 

4.1 

3.8 

Fe2°3 

2.9 

3.1 

CaO 

62.8 

62.7 

MgO 

4.2 

4.5 

so3 

2.0 

2.0 

Ignition  loss 

1.2 

1.0 

Acid-soluble  alkalies 

Na20 

0.09 

0.11 

k2° 

0.54 

0.55 

Total  as  Na20 

0.45 

0.47 

Water-soluble  alkalies 

Na20 

0.01 

0.03 

i<2o 

0.21 

0.36 

Total  as  Na20 

0.15 

0.27 

Ti02 

0.21 

0.19 

P2°5 

0.06 

0.08 

Mn203 

0. 10 

0.  10 

Insoluble  residue 

0.63 

0.63 

Calculated  compounds 
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bama  Michigan  Pennsylvania  Pennsylvania  Pennsylva 
-752  RC-758  RC-769  RC-770  RC-833 


Table  8 


Comparative  Chemical  Data,  Type  1-P  for  Blended  Cements  With 
Pozzolans  and  Type  Jl_  Cement  From  the  Same  So u re e 


Arizona* 
RC-732 


RC-731 


_  Tlli noi s*  _ 

RC-726 (2)  RC-725 


_  Michigan* 
wr_7  t  Q 


_  Chemical  Data,  % 

SiO? 

Al2°3 

Fe2°3 

CaO 

MgO 

S°3 

Ignition  Loss 
Acid-Soluble  Alkalies 
Na20 

k2° 

Total  as  Na20 
Water-Soluble  Alkalies 
Na20 

k2o 

Total  as  Na20 
Ti02 
P2°5 
Mn202 

Insoluble  Residue 
Calculated  Compounds 

c3a 

c3s 

c2s 

C.AF 

4 

2C.  A  +  C. AF 
3  4 


Type  I-P 

Type  I 

Type  I-P 

25.6 

21.7 

24.8 

6.8 

3.  7 

8.2 

2.8 

2.5 

4.7 

55.1 

64.4 

53.7 

3.8 

4.4 

2.8 

2.0 

2.1 

3.0 

1.8 

2.6 

1.0 

0.12 

0.14 

0.13 

0.44 

0.56 

0.70 

0.41 

0.51 

0.59 

0.01 

0.01 

0.03 

0. 10 

0.12 

0.39 

0.08 

0.07 

0.29 

0.45 

0.27 

0.30 

0.02 

0.18 

0.07 

0.03 

0.03 

0.56 

6 

63 

15 

8 

19 

0.03 

Type  I 

Type  I-P 

Type  I 

20.6 

25.3 

21.1 

4.6 

9.8 

5.7 

2.9 

4.0 

2.8 

54.2 

62.6 

3.6 

2.9 

3.7 

2.6 

2.6 

2.6 

1.3 

1.3 

1.1 

0.12 

0.27 

0.32 

1.00 

0.60 

0.72 

0.78 

0.66 

0.79 

0.06 

0.05 

0.05 

0.80 

0.25 

0.31 

0.59 

0.21 

0.25 

0.23 

0.04 

0.03 

0.13 

12.75 

0.18 

7 

10 

61 

45 

13 

26 

9 

8 

23 

29 
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Different  type  of  cement  from  one  plant. 
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Table  8  (Continued) 


Missouri* 


South  Carolina* 


Chemical  Data,  % 
Si02 
Al2°3 

Fe2°3 

CaO 

MgO 

s°3 

Ignition  loss 
Acid-soluble  alkalies 


Total  as 

Water-soluble  alkalies 


Total  as  Na20 


Mn2°3 

Insoluble  residue 
Calculated  compounds 


2C..A  +  C.AF 
3  4 


:-739 

RC-740 

RC-729 

RC-730 

>e  I-P 

Type  I-P** 

Type  I 

Type  I-'. 

!5.4 

23.7 

20.7 

25.8 

8.1 

7.6 

5.5 

10.8 

5.0 

3.8 

2.3 

3.1 

»2.  3 

56.3 

64.9 

53.6 

2.7 

3.2 

1.1 

0.9 

1.8 

2.3 

2.7 

3.1 

2.6 

1.5 

2.1 

1.7 

0.11 

0.08 

0.08 

0.07 

0.58 

0.60 

0.40 

0.29 

0.49 

0.57 

0.34 

0.26 

0.02 

0.02 

0.08 

0.01 

0.28 

0.32 

0.40 

0.06 

0.21 

0.22 

0.09 

0.05 

0.39 

0.33 

0.27 

0.46 

0.  16 

0.16 

0.17 

0.16 

0.05 

0.05 

0.01 

0.01 

0.18 

(Continued) 

*  Different  types  of  cement  from  one  plant. 
'**  Made  with  bottom  ash. 


Table  8  (Concluded) 


Tennessee*  Texas* 


RC-742 

RC-741 

RC-807 

RC-807 (A) 

Chemical  Data,  % 

Type  I-P 

Type  I 

Type  I-P** 

Type  I 

Si02 

25.3 

22.0 

25.3 

20.6 

Al?°3 

9.7 

5.4 

8.1 

5.1 

Fe2°3 

3.0 

2.4 

4.6 

4.  1 

CaO 

54.3 

64.9 

58.1 

65.7 

MgO 

1.8 

1.5 

1.6 

0.9 

S°3 

2.8 

2.2 

2.7 

2.5 

Ignition  Loss 

1.7 

1.3 

0.5 

1.0 

Acid-Soluble  Alkalies 

Na20 

0.12 

0. 13 

0.23 

0.11 

k2o 

0.34 

0.29 

0.38 

0.25 

Total  as  Na20 

0.34 

0.32 

0.48 

0.27 

Water-Soluble  Alkalies 

Na20 

0.02 

0.02 

k2o 

0.13 

0.13 

Total  as  Na20 

0.10 

0.10 

Ti02 

0.37 

0.22 

0.41 

P2°5 

0.12 

0. 14 

0.16 

Mn20^ 

0.04 

0.04 

0.34 

Insoluble  Residue 

0.34 

8.40 

0.  17 

Calculated  Compounds 

c3a 

10 

7 

C3S 

51 

64 

c2s 

25 

11 

C.  AF 

4 

7 

12 

2C  A  +  C. AF 

3  4 

28 

26 

*  Different  tvpes  of  cement  f rom  one  plant. 
Made  with  fly  ash  AD-577. 
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Table  9 

Data  for  12  Blended  Cements,  7-  and 
28-Day  Heat  of_  Hydration 


Heat  of  Hydration,  cal/g 

State 

RC 

C  lass 

7  days 

28  days 

Alabama 

752 

l-S* 

80 

86 

Michigan 

758 

l-S 

71 

83 

Pennsylvania 

769 

l-S 

80 

90 

Arizona 

732 

1-P** 

71 

81 

Illinois 

726(2) 

1-P 

82 

91 

Michigan 

735 

1  -P 

75 

83 

Missouri  (same 

739 

1-P 

70 

77 

plant) 

740 

1-P  (witli 
bottom  ash) 

74 

81 

Texas 

742 

1-P 

76 

87 

745 

1-P 

65 

78 

807 

1-P 

76 

87 

South  Carolina 

730 

i-P 

69 

80 

*  l-S  -  blast-furnace  slag 

replaces  Portland  cement  25  percent 

to  65  percen 

by  weight  (ASTM 

C  595-75, 

Sec.  2.2). 

**  1-P  -  pozzolan 

replaces 

15  percent  to  40  percent 

Portland  cement  by  weigh 

(ASTM  C  59j-75, 

Sec.  2.8) 

. 

7-  and  28-Da_y  Heat  of  llyd ration  Values  for 
Laboratory  Cements  and  Cement  - 
Mineral  Admixture  Combinations 


Portland  Cement 

'  '  .  XC-A88  '  ’  ~  KC-  705’  " 

Z  Replacement  /  Rep  1  ace men t 


Source* 

by 

Vo  1 ume 

bv 

Volume 

of 

Age 

07. 

307' 

6071 

0 / 

302  60 

Class  Pozzolan 

days 

cal/g  c 

al./.o  1 

:al_/g 

Lll/g  i 

:al/g  cal 

Cement  onlv 

7 

85 

— 

— 

68 

-  - 

28 

96 

— 

— 

79 

-- 

Combined  with 


AD- 505 

F 

SB 

7 

70 

49 

56 

47 

28 

83 

62 

65 

56 

AD- 5 06 

F 

L 

7 

73 

53 

56 

45 

28 

85 

67 

70 

57 

AD- 50 7 

F 

SB 

7 

70 

48 

57 

41 

28 

83 

64 

66 

48 

AI>  509 

F 

L 

7 

72 

51 

52 

49 

28 

82 

66 

62 

56 

AD-510 

C 

L 

7 

82 

73 

67 

69 

28 

90 

81 

76 

77 

AD-511 

F 

SB 

7 

68 

47 

55 

39 

28 

83 

62 

68 

45 

AD- 512 

F 

SB 

7 

74 

52 

63 

43 

28 

86 

73 

72 

63 

AD-513 

C 

I, 

7 

80 

51 

63 

27 

28 

93 

79 

78 

50 

AD-  5 1 5 

N 

VC 

7 

75 

59 

60 

46 

28 

86 

68 

72 

61 

AD- 5 36 

SF 

7 

73 

56 

61 

52 

28 

90 

78 

74 

58 

SB  -  subbituminous 

coal ; 

L  -  lignite 

coal;  VC 

-  volcanic  ash; 

SF  - 

silic. 

fume  (silica  condensed  fume). 


Relation  of 

to 

Table  11 

CaO  by  Chemical  Analysis  and  Surface 

Selected  Heat  of  Hydration  Data 

Area 

Structures 

Laboratory 

Source 

of 

CaO 

Surface 

Area, 

7-day  Heat  of  Hydration  for 
Cement  Blended  with  30  Per¬ 
cent  Pozzolan  by  Solid  Volume 
RC-688  RC-705 

Type  I  Type  11 

Serial  No. 

Fly  Ash* 

% 

cm^/cc 

cal/g 

cal/ g 

AD-510 

l 

29.9 

3,750 

82 

67 

AD-513 

T 

Ij 

21.0 

12,790 

80 

63 

AD-512 

SB 

20.  3 

12,830 

74 

63 

AD-506 

L 

19.8 

6,780 

73 

56 

AD- 509 

i_j 

13.4 

4,690 

72 

54 

AD-505 

SB 

11.1 

9,130 

70 

56 

AD-507 

SB 

4.2 

7,660 

70 

54 

AD-511 

B 

2.7 

6,870 

68 

55 

lignite;  SB  =  subbituminous ;  B  =  bituminous 


<  1  ub  1 1* 


UOTt:  Alkalies  were  determined  from  solutions  of  LiBO?  fusions. 


Alkalies  were  determined 


Specimens 

1.  Three  3-  by  b-in.  cylindrical  specimens  were  fabricated  from  each  of 
seventeen  cement  paste  mixtures.  An  embedment  strain  gage  was  placed  in  each 
specimen  prior  to  casting  to  measure  axial  strains.  Monofilament  nylon  line 
was  used  to  position  and  secure  the  strain  gage.  A  total  of  51  specimens  were 
cast,  2  creep  specimens  and  a  control  specimen  for  each  mixture. 

2.  Twenty-four  hours  prior  to  loading,  all  specimens  were  demolded  and 
the  ends  of  the  creep  specimens  were  surface  ground  to  ensure  parallelism  of 
the  ends.  Ail  specimens  were  sealed  in  an  asphaltic  membrane  to  minimize 
moisture  loss  during  the  testing  period. 

Loading  Procedure 

3.  The  creep  loading  frames  (Figure  Al)  consisted  of  header  plates  bearing 
on  the  ends  of  the  loaded  specimens,  springs  to  sustain  the  loads,  and  threaded 
reaction  rods  simiLar  to  that  described  in  CRD-C  54-77.  Creep  specimens  were 
placed  in  the  loading  frame  taking  care  in  aligning  the  specimens  to  avoid  ec¬ 
centric  loading.  The  number  of  specimens  per  loading,  rig  varied  from  two  to 
four  depending  on  the  number  of  specimens  to  be  loaded  on  .i  given  date  to  the 
same  sustained  load.  Axial  loads  were  applied  incrementally  to  20  percent  of 
ultimate  cylinder  strength  using  a  hydraulic  hand  pump.  Control  specimens  were 
stored  in  an  unloaded  condition  near  companion  creep  specimens.  All  specimens 
were  maintained  at  approximately  75°  F  and  50  percent  relative  humidity  during 
tiie  testing  period. 


S tr a  in  Jlea s u r emen t s 

4.  Strain  gages  embedded  in  the  creep  and  control  specimens  were  read 
immediately  prior  to  loading,  umin  attaining  full  load,  and  periodically  through¬ 
out  the  test  period  (Tables  A1-A17).  In  addition,  elastic  strain  readings  were 
obtained  on  the  creep  specimens  at  each  load  increment.  Elastic  strains  were 
determined  by  taking  the  difference  in  strain  measurements  immediately  before 
and  after  loading.  Elastic  strains  and  moduli  of  elasticity  computed  on  this 


basis  are  summarized  in  Table  A18. 


Strains  in  Control  Specimens 

j.  Control,  specimens  were  subjected  to  the  same  environmental  conditions 
as  the  creep  specimens  throughout  the  loading  period.  Results  of  these  strain 
measurements  are  presented  in  Tables  A1-A17.  Also,  control  strain-time  rela¬ 
tionships  for  each  mixture  are  shown  in  Plates  A1-A17.  With  the  exception  of 
a  few  measurements  at  very  early  ages,  all  control  strains  were  compressive- 
indicating  shrinkage  of  the  cement  paste.  Maximum  strains  in  the  control  spec i 
mens  ranged  from  approximately  400  to  1200  millionths,  with  an  overall  avera.-e 
shrinkage  of  approximately  800  millionths. 

Strains  in  Creep  Specimens 


6.  The  strain  data  obtained  from  the  loaded  creep  specimens  dinin',  the 
course  of  the  testing  period  represented  total  strains,  i.e..  tliost.  which  in¬ 
cluded  the  eiastic  deformation  upon  application  of  load,  and  the  t  imo-dependen t 
deformations  due  to  load  and  chemical  or  physical  ve>lume  changes  with  the'  spend 
men.  Results  of  individual  measurements  of  total  strains  for  each  e- reep  spool- 
men  are  given  in  Tables  A1-A17.  In  addition,  average  total  strain-time 
relationships  for  each  mixture  are  presented  in  Plates  A18-A34. 

7.  Specific  creep  strains  for  a  given  time  were  determined  bv  subt rui  t i n 
the  eiastic  strain  from  the  total  strain,  correcting  this  value  for  the  appro¬ 
priate  volume-change  (control)  strain,  and  dividing  it  by  the  applied  laid. 
Results  obtained  in  this  manner  are  shown  for  each  mixture  in  Tables  A 1  —  A I  7 . 

In  addition,  specific  creep  strain-time  relationships  are  presented  in 
Plates  A35-A50. 

8.  To  form  a  numerical  basis  of  comparison  for  the  various  mixtures, 
curves  of  best  fit  based  on  a  least -squares  analysis  were  computed  for  the 
creep  strain -time  relationships.  Tnese  equations  were  then  used  to  compute 
specific  creep  strains  at  1  year  after  loading  as  shown  in  Table  All). 

Paste  Mixtures 

y.  Mixture  combinations  and  test  ages  of  specimens  from  the  17  pastes 


are  tabu  Lilted  below: 


Mixture 

and  Loading  Data  for  17 

Used  for  Creep  Testing 

Pastes 

Mixture 

Cement 

Cement  Replaced 

W/C  or 

Loading 

Age 

No 

RC- 

_ Ay.  . 

W/S 

days 

i 

688(3) 

6071  AD-510 

0.60 

28 

2 

688(3) 

60%  AD-510 

0.40 

2 

3 

688(3) 

60%  AD- 50 7 

0.40 

7 

"4 

688(3) 

— 

0.40 

2 

5 

688(3) 

60%  AD-510 

0.40 

7 

6 

688(3) 

30%  AD-510 

0.40 

7 

7 

688(3) 

30%  AD-507 

0.40 

7 

8 

688(3) 

60%  AD-510 

0.40 

28 

9 

688(3) 

— 

0.60 

28 

10 

7  33 (IP) 

— 

0.40 

7 

1  1 

772(11) 

— 

0.40 

7 

12 

74  2 ( IP) 

— 

0.40 

7 

1  3 

7  32 ( IS) 

— 

0.40 

7 

14 

688(3) 

— 

0.40 

7 

1  3 

688(3) 

60%  AD-510 

0.25 

2 

16 

688(3) 

— 

0.25 

2 

17 

688(3) 

-- 

0.40 

28 

10.  As  mentioned  earlier,  comparison  may  be  made  of  the  effect  of  creep 
on  various  parameters.  Some  of  these  comparisons  are  made  in  the  following 
sec t ion . 

Discuss  ion 

11.  Results  of  the  creep  tests  are  summarized  in  Table  A20.  In  general 
specific  creep  strains  were  inversely  proportional  to  the  modulus  of  elastic¬ 
ity  of  the  creep  specimens  (Figure  A2) . 

12.  For  a  given  cement,  water-cement  ratio,  and  cement  replacement  mate 
riai,  specific  creep  decreased  with  an  increased  age  at  loading (Figure  A3). 
This  was  also  true  of  comparable  mixtures  without  cement  replacement  material. 


Under  these  conditions,  the  specific  creep  of  cement  paste  containing  60  per¬ 
cent  replacement  material  by  voLurae  was  significantly  higher  at  the  earlier 
loading  ages  than  that  of  paste  without  any  cement  replacement.  With  a  water- 
cement  ratio  of  0.40  and  7  days'  age  at  loading,  specific  creep  increased  with 
an  increase  in  cement  replacement  volume  (Figure  A4) .  In  each  case,  the  spe¬ 
cific  creep  of  specimens  containing  AD-307  cement  replacement  were  approxi¬ 
mately  JiJ  percent  higher  than  those  containing  AD-510.  Given  a  water-cement 
ratio  of  0.2o  and  2  days'  age  at  loading,  the  addition  of  cement  replacement 
(AD- aid)  in  the  amount  of  oO  percent  by  volume  resulted  in  a  30  percent  increase 
in  specific  creep. 

13.  Specific  creep  of  the  paste  specimens  containing  "special  cements" 
(Mixtures  10-13)  ranged  from  0.9311  to  1.2108  millionths  per  psi  with  an  over¬ 
all  average  of  1.1094  millionths  per  psi.  These  specimens  had  a  water-cement 
ratio  of  0.40  and  were  loaded  at  7  days'  age.  In  comparison,  specimens  contain¬ 
ing  "conventional  cement"  (Mixtures  6  and  7)  and  30  percent  cement  replacement 
with  the  same  water-cement  ratio  and  age  at  loading  had  an  average  specific 
creep  of  1.1566  millionths  per  psi. 

14.  The  specific  creep  of  paste  specimens  loaded  at  2  days'  age  increased 
by  more  than  100  percent  with  an  increase  in  water-cement  ratio  from  0.25  to 
0.40.  In  contrast,  creep  specimens  Loaded  at  28  days'  age  exhibited  a  decrease 
in  specific  creep  of  more  than  150  percent  when  the  water-cement  ratio  was  in¬ 
creased  from  0.40  to  0.60.  This  is  contrary  to  expectations  and  Causes  one  to 
question  the  test  results  associated  with  Mixture  9.  In  this  case,  the  strain 
measurements,  both  elastic  and  time-dependent,  are  significantly  lower  than  any 
other  mixture  tested. 


0  10  20  30  40 


LOADING  AGE,  DAYS 

Figure  A3.  The  effect  of  loading  age  and  cement 
replacement  material  on  creep 

2.o  r- 


VOLUME  OF  CEMENT  REPLACEMENT,  % 

Figure  A4 .  The  effect  of  different  types  of  cement 
replacement  material  on  creep 


Mixture  Nc .  2 


Total  Strain,  Millionths 

Creep 

Control 

Corrected 

Creep 

Specific 

Gage  No.  Gage  No, 

Strain, 

Strain, 

Strain, 

Creep, 

37 .  38  Avg 

Millionths 

Millionths 

Millionths 

Millionths/psi 

0 

0 

0 

96 

-29 

125 

284 

-58 

342 

366 

-4 

370 

435 

46 

389 

504 

101 

403 

544 

131 

413 

652 

206 

446 

699 

251 

448 

Table  A3 

Strain  Measurements 


RV* 


1 

Corrected 

L*  ^ 

l 

Total  Strain,  Millionths 

Creep 

Control 

Creep 

Specific 

t  Time, 

Gage  h'o.  Gage  No. 

Strain, 

Strain, 

Strain, 

Creep, 

*  m 

f  days 

7  8  Avg 

Millionths 

Mill ionths 

Millionths 

Millionths/psi 

Table  A5 


Strain  Measurements , 
Mixture  No.  5 


Corrected 


Total  Strain,  Millionths 

Creep 

Contro 1 

Creep 

Specif ic 

Time , 

Gage  No. 

Gage  No. 

Strain, 

Strain, 

Strain, 

Creep, 

days 

10 

11 

Millionths 

Millionths 

Millionths 

Mill ionths/i 

0 

332 

354 

34  3 

0 

0 

0 

0 

0.04 

372 

386 

379 

36 

9 

27 

0.044 

0.81 

562 

575 

569 

226 

40 

186 

0.  300 

2 

660 

692 

676 

333 

78 

255 

0.411 

5 

GF 

885 

885 

542 

158 

384 

0.619 

6 

900 

900 

557 

148 

409 

0.660 

7 

873 

873 

530 

114 

416 

0.671 

8 

905 

905 

562 

122 

440 

0.710 

9 

900 

900 

557 

99 

4  58 

0.739 

12 

968 

968 

625 

116 

509 

0.821 

14 

1020 

1020 

677 

174 

503 

0.811 

15 

1011 

1011 

668 

134 

534 

0.861 

16 

1016 

1016 

673 

139 

534 

0.861 

19 

1076 

1076 

733 

169 

564 

0.910 

20 

1090 

1090 

747 

175 

572 

0.923 

21 

1095 

1095 

747 

179 

573 

0.924 

22 

1096 

1096 

753 

170 

583 

0.940 

23 

1090 

1090 

747 

161 

586 

0.945 

26 

1109 

1109 

766 

169 

597 

0.963 

27 

1125 

1125 

782 

182 

600 

0.968 

28 

1141 

1141 

798 

194 

604 

0.974 

29 

1240 

1240 

897 

252 

645 

1.040 

30 

1175 

1175 

832 

214 

618 

0.997 

34 

1167 

1167 

824 

209 

615 

0.992 

35 

1202 

1202 

859 

234 

625 

1.008 

36 

1222 

1222 

879 

246 

633 

1.021 

37 

1238 

1238 

895 

264 

631 

1.018 

40 

1240 

1240 

897 

259 

638 

1.029 

41 

1227 

1227 

884 

244 

640 

1.032 

42 

1240 

1240 

897 

252 

645 

1.040 

43 

1255 

1255 

912 

262 

650 

1.048 

48 

1260 

1260 

917 

264 

653 

1.053 

49 

1255 

1255 

912 

259 

653 

1.053 

50 

1266 

1266 

923 

269 

654 

1.055 

55 

1273 

1273 

930 

272 

658 

1.061 

62 

1312 

1312 

969 

299 

670 

1.081 

68 

1320 

1320 

977 

304 

673 

1.085 

75 

1365 

1365 

1022 

337 

685 

1.105 

78 

1362 

1362 

1019 

340 

679 

1.095 

83 

1375 

1375 

1032 

342 

690 

1.113 

90 

1394 

1394 

1051 

359 

692 

1.116 

97 

1445 

1445 

1102 

404 

698 

1.126 

105 

1449 

1449 

1106 

401 

705 

1.137 

1  12 

1400 

1400 

1057 

354 

703 

1.134 

125 

1464 

1464 

1121 

404 

714 

1.156 

(Continued ) 


Total  Strain,  Millionths 

Creep 

Control 

Corrected 

Creep 

Specific 

Gage  Mo.  Gage  No. 

Strain, 

Strain, 

Strain, 

Creep, 

1  2  Avg 

Millionths 

Millionths 

Millionths 

Millionths/psi 

Table  A8 

Strain  Measurements, 
Mixture  No.  8 


ft 

'll 


Total  Strain,  Millionths 

Creep 

Control 

Corrected 

Creep 

Specific 

Gage  No.  Gage  No. 

Strain , 

Strain, 

Strain, 

Creep, 

31  32  Avg 

Millionths 

Millionths 

Millionths 

Millionths/psi 

0 

0.015 
0.114 
0.17 
0.24 
0.24 

24 

25 
25 


Table  A9 

Strain  Measurements , 
Mixture  No.  9 


Total  Strain,  Millionths 
Time,  Gage  No.  Gage  No. 
days  10  11  Av 


Creep 

Strain, 

Millionths 


Control 

Strain, 

Millionths 


Corrected 

Creep 

Strain, 

Millionths 


Specific 

Creep, 

Millionths/psi 


0 

0.015 


Total  Strain,  Millionths 

Creep 

Control 

Corrected 

Creep 

Specific 

Gage  No.  Gage  No. 

Strain, 

Strain, 

Strain, 

Creep, 

34  35  Avg 

Millionths 

Mill ionths 

Millionths 

Mi 11  ion ths/psi 

0 

0.08 

0.88 

1 

2 

1 

5 

1 

6 

1 

7 

1 

8 

2 

9 

2 

13 

2 

14 

2 

15 

2 

16 

2 

19 

2 

21 

2 

22 

2 

23 

2 

27 

2 

28 

2 

29 

2 

31 

2 

41 

2 

47 

2 

54 

2 

57 

2 

62 

2 

69 

2 

76 

2 

84 

2 

91 

2 

104 

2 

127 

2 

146 

2 

168 

3 

183  3 

211 

3 

236 

3 

0 

0 

0 

2 

0 

59 

0.052 

4 

3 

243 

0.215 

7 

344 

0.305 

5£ 

59 

518 

0.459 

62 

7 

546 

0.484 

6! 

3 

581 

0.515 

6£ 

55 

622 

0.551 

6S 

15 

648 

0.574 

71 

5 

732 

0.648 

74 

7 

753 

0.667 

77 

5 

768 

0.680 

8C 

5 

782 

0.692 

E2 

)7 

815 

0.721 

77 

7 

841 

0.744 

7£ 

7 

849 

0.  752 

8f 

0 

862 

0.763 

Table  All  (Concluded) 


Fnil 


Total  Strain,  Millionths 

Creep 

Control 

Corrected 

Creep 

Specif ic 

Gage  No.  Gage  No. 

Strain, 

Strain, 

Strain, 

Creep, 

19  20  Avg 

Millionths 

Millionths 

Millionths 

Millionths/psi 

0 

0.04 
0.  79 
4 
6 

7 

8 
11 
12 

13 

14 

15 
18 

19 

20 
21 
22 
26 
27 


0 

0 

0 

31 

0 

268 

2 

516 

5 

603 

1’able  A 1  2  (Concluded) 

Corrected 

Total  Strain,  Millionths  Creep  Control  Creep  Specific 

Time,  Gage  No.  Gage  No.  Strain,  Strain,  Strain,  Creep, 

days  19  20  Avg  Millionths  Millionths  Millionths  Mill ionths/ps 


Total  Strain,  Millionths 

Creep 

Control 

Corrected 

Creep 

h 

s 

Spec  i  f  ic  J 

* 

Time, 

Gage  Mo.  Gage  No. 

Strain, 

Strain, 

Strain, 

Creep, 

days 

23  23  Avg 

Millionths 

Millionths 

Mi  1 1 ionths 

Mi  1  lionths/ps  i  1 

Correc  ted 


Total  Strain,  Millionths 

Creep 

Control 

Creep 

Specific 

Time, 

Gage  No, 

Gage  No. 

Strain, 

Strain, 

Strain, 

Creep, 

days 

25 

26 

_Av£ 

Millionths 

Mill ionths 

Millionths 

Millionths/ 

0 

734 

825 

780 

0 

0 

0 

0 

0.04 

773 

925 

849 

70 

-3 

73 

0.052 

0.80 

940 

1132 

1036 

257 

-15 

272 

0.  193 

4 

1200 

1410 

1305 

526 

27 

499 

0.354 

5 

1251 

1462 

1357 

572 

29 

548 

0.388 

6 

1305 

1520 

1413 

633 

39 

594 

0.421 

7 

T306 

1525 

1416 

636 

9 

627 

0.444 

8 

1335 

1550 

1443 

663 

4 

659 

0.467 

11 

1415 

1631 

1523 

744 

4 

740 

0.524 

12 

1442 

1665 

1554 

774 

19 

755 

0.536 

13 

1482 

1710 

1596 

817 

39 

278 

0.551 

14 

1525 

1755 

1640 

861 

64 

297 

0.565 

15 

1550 

1782 

1666 

88  7 

24 

813 

0.576 

19 

1625 

1852 

1739 

959 

97 

862 

0.611 

20 

1660 

1890 

1775 

996 

119 

877 

0.622 

21 

1695 

1927 

1811 

1032 

139 

893 

0.633 

23 

1736 

1970 

1853 

1074 

146 

928 

0.657 

25 

1785 

2025 

1905 

1126 

194 

932 

0.660 

27 

1785 

2027 

1906 

1127 

179 

948 

0.672 

28 

1808 

204  7 

1928 

1148 

189 

959 

0.680 

29 

1825 

2068 

1947 

1167 

202 

965 

0.684 

33 

1860 

2105 

1983 

1203 

217 

986 

0.699 

34 

1865 

2110 

1988 

1208 

219 

989 

0.701 

35 

1876 

2120 

1998 

1219 

221 

998 

0.707 

40 

1920 

2160 

2040 

1261 

239 

1022 

0.724 

47 

2000 

2240 

2120 

1341 

289 

1052 

0.745 

53 

2050 

2285 

2168 

1388 

319 

1069 

0.758 

60 

2137 

2370 

2254 

1474 

379 

1095 

0.776 

63 

2155 

2392 

2274 

1494 

391 

1103 

0.782 

68 

2185 

2422 

2304 

1524 

411 

1113 

0.  789 

5 

2240 

2478 

2359 

1580 

451 

1129 

0.800 

82 

2330 

2575 

2453 

1673 

529 

1144 

0.811 

90 

2358 

2610 

2484 

1705 

549 

1156 

0.819 

97 

2370 

2630 

2500 

1721 

549 

1172 

0.830 

110 

2478 

2735 

2607 

1827 

634 

1193 

0.846 

133 

2600 

2865 

2733 

1953 

739 

1214 

0.860 

152 

2740 

3012 

2876 

2097 

869 

1228 

0.870 

174 

2798 

3072 

2935 

2156 

914 

1242 

0.880 

189 

2800 

3075 

2938 

2158 

909 

1249 

0.885 

217 

2860 

3140 

3000 

2221 

964 

1257 

0.891 

242 

2847 

3130 

2989 

2209 

960 

1249 

0.885 

251 

2816 

3100 

2958 

2179 

939 

1240 

0.878 

261 

2768 

3050 

2909 

2130 

899 

1231 

0.872 

270 

2780 

3065 

2923 

2143 

919 

1224 

0.867 

(Continued) 


Total  Strain,  Millionths 
Gage  No.  Gage  No. 

25  26  Avg 


Table  A 1 4  (Concluded) 


Creep 
Strain, 
Mi 1 lionths 


Corrected 

Control  Creep 

Strain,  Strain, 

Millionths  Millionths 


Spec  if ic 
Creep, 

Mill ionths/ ps 


l 


Time, 

davs 


Table  \15 


S t  r  a_i_n Measurements  , 
Mixture  N'o.  15 


Total  Strain,  Millionths 

Creep 

Contro 1 

Corrected 

Creep 

Spec  i  f  ic 

Gage  N'o.  Gage  No. 

Strain, 

Strain, 

Strain, 

Creep , 

28  29  Avg 

Millionths 

Mill ionths 

Millionths 

Mill ionths/psi 

0 

0.047 

0.257 

0.472 


(Concluded) 


Total  Strain,  Millionths 
Gage  No.  Gage  No. 

40  41  A v 


Creep 

Strain, 

Millionths 


Control 

Strain, 

Millionths 


Corrected 

Creep 

Strain, 

Millionths 


I  able  A  l 


Strain  Measurements  , 
Mixture  No.  17 


Corrected 


'ime, 

lays 

Total  Strain,  Millionths 
Gage  No.  Gage  No. 

43  44  Avg 

Creep 

Strain, 

Millionths 

Control 

Strain, 

Millionths 

Creep 

Strain, 

Millionths 

Spec  i  f  ic 
Creep, 

Mi 1 1  ionths/ps i 

0 

1080 

985 

1032 

0 

0 

0 

0 

0.08 

1168 

1083 

1126 

93 

-3 

96 

0.046 

0.83 

1325 

1245 

1285 

253 

-7 

260 

0.124 

2 

1435 

1345 

1390 

358 

0 

358 

0.170 

3 

1520 

1433 

1477 

444 

18 

426 

0.203 

4 

1570 

1482 

1526 

494 

18 

476 

0.226 

8 

1720 

1635 

1678 

645 

18 

627 

0.299 

9 

1775 

1690 

1733 

700 

40 

660 

0.314 

10 

1824 

1736 

1780 

748 

61 

687 

0.  327 

11 

1865 

1780 

1823 

790 

78 

712 

0.  339 

14 

1935 

1850 

1893 

860 

83 

777 

0.  370 

16 

1965 

1890 

1928 

895 

80 

815 

0.  388 

r 

1990 

1916 

1953 

921 

85 

836 

0.  398 

18 

2025 

1952 

1989 

956 

98 

858 

0.409 

22 

2085 

2020 

2053 

1020 

108 

912 

0.434 

23 

2105 

2043 

2074 

1042 

118 

924 

0.440 

24 

2120 

2060 

2090 

1058 

123 

935 

0.445 

29 

2195 

2142 

2169 

1136 

143 

993 

0.473 

36 

2  318 

2275 

2297 

1264 

200 

1064 

0.  507 

42 

2375 

2335 

2355 

1323 

216 

1107 

0.  527 

t 

Observations 

Equation 

Index  of 

Calculated 

r.  Mixture 

Span 

Coefficients 

Determi¬ 

Creep,  1  yr 

> 

P  No. 

No.  days 

A  B 

nation 

millionths/psi 

0.3720 
0. 1468 
0.2517 
0. 1528 
0. 1214 
0.1122 
-0.0744 
-0.0011 
0.1332 
0.0373 
0.  1641 
0. 1406 
0.1270 
0.  1409 
0.0807 
-0.0200 


0.5377 
0.2383 
0.2286 
0.2220 
0.1688 
0.1827 
0.1520 
0.0568 
0.1729 
0. 1515 
0.1658 
0. 1814 
0. 1432 
0.1515 
0.1207 
0.1502 


0.875 

0.900 

0.786 

0.927 

0.926 

0.943 

0.967 

0.992 

0.931 

0.982 

0.903 

0.941 

0.906 

0.922 

0.955 

0.996 


Wide  variations  in  data  precluded  curve  fitting. 


X 

3.5444 

1.5527 

1.6004 

1.4626 

1.1173 

1.1960 

0.8224 

0.3340 

1.1533 

0.9311 

1.1423 

1.2108 

0.9719 

1.0347 

0.7928 

0.8662 


Table  A20 
Summary  of  Resu It s 


nee 


CREEP  OP  CEMENT  PASTE 


CREEP  OF  CEMENT  PASTE 


1400 


CREEP  OF 


ROL  NO. 


1200 


CREEP  OF  CEMENT  PASTE 


CREEP  OF  CEMENT  PASTE 


I  : 

1  AD-A171  733  VARIATIONS  IN  CEAENTITIOUS  HEDIA(U)  ARHV  ENGINEER 

I  MATERMAVS  EXPERIMENT  STATION  VICKSBURG  NS  STRUCTURES 

LAB  R  E  REINHOLD  ET  AL.  HAV  86  MES/TR/SL-86-1B 
UNCLASSIFIED  F/G  11X2 

2/3 

NL 

m 

1 

g& 

SB 

m 

■■■I 

■■ 

^■1 

■■1 

^■1 

^Bfl 

BB 

i _ 

14M 


CREEP  OP  CEflENT  PASTE 


1260 


CREEP  OF  CEMENT  PASTE 


1290 


-CONTROL  NO 


1200 


-CONTROL  NO. 


M»e 


CPEEP  OF  CEMENT  PASTE 


CONTROL  NO 


1208 


CREEP  OF  CEHENT  PASTE 


OF  CEMEf 


CREEP  OF  CEHENT  PASTE 


1440 


CREEP  OF  CEMENT  PASTE 


•  OKI 


CEMENT  PASTE 


CPEEP  or  CEflENT  PASTE 


OF  CEMENT  PASTE 


CEP1ENT  PASTE 


CREE 


CEMENT  PASTE 


400® 


31*130  30 


CEMENT  PASTE 


•we 


CREEP  OF  CEMENT  PASTE 


OF  CEffENT  PASTE 


CREEP 


ON  XIU 


MIX  NO 


CREEP  OF  CEMENT  PASTE 


CREEP 


CREEP 


CREEP  OF 


F>  V  y  . 


Background 

1.  A  total  of  56  cements  and  blended  cements  from  27  different  sources 
were  examined  by  X-ray  diffraction  to  determine  the  crystalline  phases 
that  were  detectable.  Selective  chemical  dissolution  treatments  were 
used  as  needed  to  aid  in  the  identification  procedure. 

Samples 

2.  The  samples  are  identified  alphabetically  by  sources: 


Structures 


Laboratory  (SL) 
Serial  No.  RC- 

Cement 

Type 

Source 

705 

Portland 

II 

Alabama,  Source  1 

714 

Portland 

I 

Alabama,  Source  2 

751 

Portland  I 

Alabama,  Source  3 

752 

Blend  IS 

(Slag) 

Alabama,  Source  3 

731 

Portland 

I 

Arizona,  Source  1 

732 

Blend  IP 

Arizona,  Source  1 

763 

Portland 

II  (Dry  Kiln) 

Arizona,  Source  2 

764 

Portland 

II  (Preheater) 

Arizona,  Source  2 

715 

Portland 

I 

Colorado 

753 

Portland 

II  (Preheater) 

Colorado 

754 

Portland 

II  (Preheater) 

Colorado 

832  * 

Portland 

V 

Colorado 

USAECE-1C-1* 

Blend  (Slag) 

Germany,  Source  1 

USAECE-1C-2 

Blend  (Slag) 

Germany,  Source  2 

733 

Portland 

I  (Preheater) 

Georgia 

765 

Portland 

I 

Iceland 

766 

Portland 

I 

Iceland 

725 

Portland 

I 

Illinois 

726(2) 

Blend  IP 

Illinois 

772 

Portland 

II  (Preheater) 

Kansas 

755 

Portland 

V 

Manitoba,  Canada 

756(2) 

Portland 

I 

Maryland 

761 

Portland 

I 

Maryland 

758 

Blend  IS 

(slag) 

Michigan,  Source  1 

719 

Blend  IP 

Michigan,  Source  2 

720 

Portland 

I 

Michigan,  Source  2 

■k 

Not  an  RC  serial  No. 


B2 


? 


Structures 

Laboratory  (SL) 

Cement 

Serial  No.  RC- 

Source 

734 

735 

829 

830 

688  (2) (3) 

721 

722 

738 

739 

740 

831 
746 

769 

770 

833 

834 

716 

717 

729 

730 

736 

737 

744 

745 
733 
807* 

807  (A) 

741 

742 

718 


Portland  I 
Blend  IP 
Portland  I 
Blend  IP 
Portland  I 
Blend  IP 
Portland  I 
Portland  I 
Blend  IP 

Blend  IP  (made  with  bottom  ash) 

Portland  II 

Portland  I  (Preheater) 

Blend  IS  (Slag) 

Portland  I 
Blend  IS  (Slag) 

Portland  I 
Portland  I 
Blend  IP 
Portland  I 
Blend  IP 

Portland  I,  II  (Preheater) 

Portland  III 

Portland  I 

Blend  IP 

Portland  I 

Blend  IP,  MS 

Portland  I 

Portland  I 

Blend  IP 

Portland  I,  II 


Michigan,  Source  2 

Michigan,  Source  2 

Michigan,  Source  2 

Michigan,  Source  2 

Mississippi 

Missouri 

Missouri 

Missouri 

Missouri 

Missouri 

New  York 

Ohio 

Penn.,  Source  1 
Penn. ,  Source  1 
Penn. ,  Source  1 
Penn. ,  Source  2 
South  Carolina 
South  Carolina 
South  Carolina 
South  Carolina 
Texas,  Source  1 
Texas,  Source  1 
Texas,  Source  2 
Texas,  Source  2 
Georgia 

Texas,  Source  2 
Texas,  Source  2 
Tennessee 
Tennessee 
Washington 


Made  with  fly  ash  AD-577. 

Test  Procedure 

3.  A  portion  of  each  cement  was  tightly  packed  into  a  sample  holder  and 
examined  by  X-ray  diffraction  in  a  nitrogen  atmosphere  to  prevent  hydration  of 
the  sample. 

4.  In  all  cases  a  sample  of  cement  was  treated  with  maleic  acid  to  selectively 
dissolve  the  calcium  silicates  (alite,  belite).  The  weight  loss  was  determined 
and  the  insoluble  residue  was  examined  by  X-ray  diffraction.  The  maleic  acid 
procedure  was  essentially  as  described  by  Mander,  Adams,  and  Larkin  (1974)* 
except  that  treatment  time  was  30  instead  of  10  minutes  when  it  was  found  that 
the  shorter  time  did  not  always  remove  all  of  the  calcium  silicates. 


References  are  1  isted  at  the  end  of  the  text  ot  this  appendix. 


1 

t 

t 

I 

\ 

5.  Since  the  residue  left  after  maleic  acid  treatment  still  contained  the 

calcium  sulfate(s)  or  other  sulfates,  Wong  and  Husbands  (unpublished  data)  ' 

developed  a  treatment  with  ammonium  chloride  to  selectively  dissolve  sulfate 
compounds.  This  technique  was  used  on  the  maleic  acid  residues  of  some  of  ' 

the  cements.  Weight  losses  were  determined  and  the  insoluble  residues  were  | 

examined  by  X-ray  diffraction.  A  description  of  the  ammonium  chloride  treat-  i 

ment  is  given  in  Appendix  B-l.  \ 

! 

6.  Immersion  mounts  of  some  of  the  cements  or  the  insoluble  residues  were  : 

examined  with  a  polarizing  microscope.  This  was  usually  done  to  verify  or 

disprove  the  presence  of  some  noncement  constituent  that  might  be  present.  ) 

7.  The  crystal  form  or  forms  of  tricalcium  aluminate  in  the  cements  were 
determined  by  study  of  X-ray  diffraction  patterns  of  insoluble  residues  or 
of  as  received  portland  or  other  types  of  cements.  These  were  classified  as 

cubic  or  noncubic  (orthorhombic,  monoclinic),  or  a  mixture  of  cubic  and  ; 

noncubic  forms.  This  was  done  by  the  presence  or  nonpresence  of  weak  peaks  | 

at  4.41A,*  4.23A,*  and  4.08A.*  This  procedure  was  largely  based  on  infor¬ 

mation  by  Fletcher,  Midgeley,  and  Moore  (1965);  by  Regourd,  Chromy,  Hjorth, 

Mortureux,  and  Guinier  (1973);  by  Regourd  and  Cuinier  (1974);  and  Kristmann 
(1977).  A  paper  about  the  procedure  for  determining  the  form  of  C^A  in  cement 
by  X-ray  diffraction  was  published  by  Burkes  and  Buck  (1983). 

8.  The  composition  of  the  crystal  phase  in  the  solid  solution  calcium  alumi- 
noferrite  series  was  determined  by  the  position  of  the  141  peak  that  ranges 
between  about  2.63  to  2.68  A*  in  X-ray  diffraction  patterns  according  to  the 
phase  that  is  present.  This  procedure  was  based  on  data  by  Midgley  (1958); 

Kantro,  Copeland,  Weise,  and  Brunauer  (1964);  and  Mather  (1971);  some  of 
Mather's  data  were  unpublished. 

9.  All  X-ray  patterns  were  made  with  an  X-ray  diffractometer  using  nickel- 
filtered  copper  radiation. 

Results 

I 

10.  The  phase  composition  and  chemical  dissolution  data  for  each  of  the  56 
cements  are  shown  in  Tables  151  through  156 .  Table  151  shows  a  comparison  of  two 
cements  from  Arizona  made  without  and  with  a  preheater.  Table  B2  compares 
seven  cements  from  six  states  that  were  all  made  with  preheaters.  Table  B3 
compares  eight  cements  from  five  sources  that  were  made  with  or  without  blast 

furnace  slag.  Table  154  shows  data  for  24  cements  from  7  states.  Table  B5  com-  I 

pares  nine  Type  I  cements  from  six  sources.  Table  B6  compares  six  Type  IT, 

III,  and  V  cements  from  six  sources.  The  56  cements  consist  of  36  portland 
cements  and  20  blended  cements.  There  are  23  Type  I  cements,  2  that  meet  both 
Type  I  and  Type  II  specifications,  8  Type  II  cements,  1  Type  III  cement,  and 
2  Type  V  cements.  The  20  blended  cements  divide  into  12  Type  I  cements  made 
with  fly  ash,  1  made  with  bottom  ash,  1  blend  made  with  Type  IT  cement  and 
fly  ash,  and  6  made  with  blast-furnace  slag. 

11.  Table  B7  shows  the  type  or  types  of  C y\  in  30  of  these  cements  and  relative 
rankings  of  their  amounts.  The  six  that  were  not  ranked  did  not  contain  enough 


A  times  0.1  is  nanometres. 


C3A  to  make  this  type  of  separation.  They  included  RC-705  (Alabama),  RC-737 
(Texas),  RC-754  (Colorado),  RC-755  (Canada),  RC-764  (Arizona),  and  RC-832 
(Colorado) . 

Discussion 

12.  Limited  study  of  the  tabulated  data  was  made.  This  indicated  that  where 
direct  comparisons  were  possible  such  as  Table  B1  for  the  effect  of  a  preheater, 
there  was  no  detectable  effect  on  phase  composition  or  phase  forms.  While  the 
results  for  all  of  the  cements  show  some  differences  in  composition  of  the 
aluminoferrite  or  calcium  aluminate  cement  phases  or  in  the  form  of  calcium  or 
alkali  sulfates  plus  or  minus  some  noncement  phases  (i.e.,  quartz  or  calcite) , 
the  more  striking  point  is  the  overwhe Iming  similarity  of  the  cements  as  judged 
by  X-ray  diffraction  (XRD) . 

13.  Selective  dissolution  was  found  to  be  helpful  for  XRD  identification  of 
less  abundant  crystalline  phases  or  verification  of  tentative  identifications 
based  on  XRD  of  a  whole  cement.  Selective  dissolution  also  was  an  effective 
method  of  separating  blended  and  nonblended  cements  when  iron  blast-furnace 
slag  was  not  the  additive.  Examination  of  the  tables  shows  that  ordinary  port - 
land  cement  usually  contains  80  or  more  percent  of  phases  that  are  soluble  in 
maleic  acid  while  blends  will  have  more  like  65  percent  soluble  material.  The 
exception  to  this  was  the  cements  with  slag  (Table  B3)  . 

14.  The  type  and  relative  amount  of  C3A  in  a  cement  can  be  determined  fairly 
effectively  and  simply  by  XRD  and  the  use  of  selective  dissolution  (Table  B7) ; 
this  separation  by  crystal  type  is  improved  if  maleic  acid  dissolution  is  fol¬ 
lowed  by  removal  of  sulfate  compounds  by  ammonium  chloride  treatment  (Appendix  B-l). 
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Table  B6 


Composition  and  Chemical  Data  on  Six  Type  II 


and  V  Portland  Cements 


Alabama 

New  York 

Wash. 

Texas 

Colorado 

Canada 

RC-705 

RC-831 

RC-718 

RC-737 

RC-832 

RC-755 

Type  II 

Type  II 

Type  I-II 

Type  III 

Type  V 

Type  V 

Portland 

Portland 

Portland 

Portland 

Portland 

Portland 

Constituents  Cement 

Cement 

Cement 

Cement 

Cement 

Cement 

Cement 

Alite 

X 

X 

X 

X 

X 

X 

Belite 

X 

X 

X 

X 

X 

X 

Aluminof errite 

c4af 

c4af 

C6AF2 

c6af2 

c6af2 

c4af 

Tricalcium 

..luminate 

Non-Cub ic 

Non-Cubic 

* 

n.d . 

n.d . 

n.d. 

Calcium  and 

Other  Sulfates 

Gypsum 

— 

— 

X 

— 

X 

— 

Hemihydrate 

Possible 

X 

X 

Possible 

Possible 

X 

Anhydrite 

X 

— 

— 

X 

— 

— 

Langbeinite 

X 

— 

— 

— 

— 

— 

Miscellaneous 

MgO 

X 

— 

X 

— 

Possible 

X 

Calcite 

— 

— 

Possible 

— 

— 

— 

Quartz 

— 

Possible 

X 

X 

— 

— 

Dolomite 

X 

Possible 

— 

— 

— 

X 

CaO 

— 

— 

— 

— 

— 

Possible 

Chemical  Data 

Soluble  in 

Maleic  Acid,  % 

84.6 

83.6 

86.6 

84.9 

85.2 

Soluble  in  NH  Cl, 

%  n.d. 

3.0 

n.d . 

n.d. 

n.d. 

Insoluble,  % 

15.4 

13.4 

13.4 

15.1 

14.8 

Not  determined 
Not  detected. 


Table  B7 


Types  and  Relative  Amounts  of  C^A  in  30  Portland  Cements 


Rankin 


Cubic 


Type  of  C^A 
Mixed  Forms 


Non-Cubic 


Most 

RC-756 

RC-834 

RC-765 

RC-716+ 

RC-715++ 

RC-729  ‘ 

RC-741 

RC-761 

RC-770 

RC-733 

RC-738 

RC-751 

Intermediate 

— 

RC-714 

RC-718 

RC-807 (A)^ 

RC-829^  * 

+  + 

RC-7531 

RC-720 

RC-766 

RC-831 

Less 

RC-688 

RC-722+ 

RC-7444 

RC-746 

RC-731 

RC-736 

RC-772 

Least 

RC-725 

RC-763 

RC-734 

Rankings  based  largely  on  the  4.08(A)  peak. 

Rankings  based  largely  on  the  4.23(A)  peak. 

^Both  from  same  source. 

4*  -j*  _ 

Note  that  this  high  alkali  Type  1  (RC-715)  differs  from  the  Type  I-II  from 
this  source  (RC-753) . 

^RC-807 (A)  is  cubic  and  RC-744  is  mixed;  both  from  one  source  in  Texas. 

^  ^RC-720  and  RC-734  are  non-cubic.  while  RC-829  is  cubic;  all  are  from  one 
source  in  Michigan. 


APPENDIX  B-l 


NH^Cl  Treatment  to  Remove  Sulfate  Compounds  from  Cement 
G.  S.  Wong  and  T.  B.  Husbands 


Equipment  and  chemicals 

1000-ml  vacuum  flask 
1000-ml  beaker 
Buchner  funnel 
No.  50  Whatman  filter  paper 
Magnetic  stirrer 
Mettler  balance 

10  percent  NH^Cl  (1000  ml) 

Distilled  H^O 

4-5  g  sample  (ground  -  325) 

Procedure 

Weigh  out  about  4-5  g  of  sample  using  a  suitable  balance.  Place  sample 
in  1000-ml  beaker  using  a  ratio  of  about  1  g  of  sample  to  200  ml  of  10  percent 
NH^Cl  solution.  Stir  with  magnetic  stirrer  for  45  minutes. 

The  solution  is  filtered  and  washed  with  distilled  H^O.  Wash  the  residue 
three  times  to  assure  removal  of  chloride. 

Place  residue  on  watch  glass  and  allow  to  air  dry.  Weigh  again  to  determine 
loss  in  weight. 


The  sample  is  ready  to  be  examined  by  X-ray  diffraction. 


Background 

1.  A  total  of  12  fly  ashes,  2  natural  pozzolans,  and  1  blast-furnace  slag 
were  examined  primarily  by  X-ray  diffraction  to  determine  what  crystalline 
phases  were  present  in  these  samples.  In  addition,  all  of  the  15  samples 
were  characterized  by  chemical  analysis  and  physical  tests.  Four  of  the 
five  lignite  fly  ashes  (AD-506,  509,  510,  513),  all  three  of  the  sub- 
bituminous  fly  ashes  (AD-505,  507,  512),  one  of  the  four  bituminous  flv 
ashes  (AD-511),  and  one  of  the  two  natural  pozzolans  (AD-518)  were  also 
used  as  pozzolans  in  paste  and  mortar  mixtures.  The  samples  are  identified 
in  the  tables. 

Test  Specimens 

2.  All  of  the  15  samples  were  examined  by  X-ray  diffraction  either  as 
received  or  after  some  grinding  or  both. 

3.  Four  of  the  fly  ashes  (AD-505,  510,  512,  513)  were  subjected  to  a  cold 
water  treatment  to  selectively  dissolve  soluble  constituents;  the  amounts 
dissolved  were  determined  by  weighings  before  and  after  the  treatment.  The 
water-insoluble  residues  were  then  examined  by  X-ray  diffraction.  The 
cold  water  treatment  was  done  by  placing  2  g  of  sample  in  800  ml  of  dis¬ 
tilled  water  that  was  kept  cold  with  ice  cubes  made  of  distilled  water  for 
3  hr,  each  sample  was  then  filtered,  washed  with  methanol,  dried,  and 
weighed.  These  residues  were  hen  treated  with  maleic  acid  for  more  selec¬ 
tive  dissolution;  weighing  was  again  used  to  determine  the  amount  of  sample 
dissolved;  the  insoluble  residues  were  examined  by  X-ray  diffraction. 

4.  Fly  ashes  AD-506,  507,  509,  511,  517,  and  577  were  subjected  to  the 
maleic  acid  treatment  without  the  cold  water  treatment.  Weight  loss  was 
determined  as  before,  and  the  insoluble  residues  were  examined  by  X-ray 
diffraction.  The  maleic  acid  treatment  consisted  of  confining  5  g  of  sam¬ 
ple  with  a  solution  of  25  g  of  maleic  acid  in  125  cc  of  methanol,  followed 
by  mixing  for  30  minutes,  vacuum  filtration,  washing  with  methanol  four 
times,  drying,  and  weighing.  The  samples  that  had  been  pretreated  with  col 
water  were  not  5-g  samples.  The  maleic  acid  treatment  that  was  used  was 
modified  slightly  from  that  described  for  cements  by  Mander,  Adams,  and 
Larkin  (1974).* 


5.  The  blast-furnace  slag  AD-537  was  treated  with  maleic  acid  with  weighings 
and  subsequent  X-ray  diffraction  examination  just  like  the  fly  ashes. 

6.  The  three  subbituminous  fly  ashes  (AD-505,  507,  512)  and  four  of  the  five 
lignite  fly  ashes  (AD-506,  509,  510,  513)  were  mixed  with  small  amounts  of 
distilled  water  and  placed  in  drink  cups  to  determine  if  they  would  harden.  The 
mixtures  were  then  examined  by  X-ray  diffraction  after  they  were  about  21  days 
old. 

7.  The  same  seven  subbituminous  and  lignite  ashes  plus  the  bituminous  ash 
AD-511  and  the  natural  pozzolan  AD-518  were  treated  by  a  variation  of  CRD-C 
128*  as  described  by  Pepper  and  Mather  (1959)**  as  a  measure  of  preventing 
excessive  expansion  in  concrete;  after  thorough  washing  to  remove  all  traces 
of  sodium  hydroxide,  the  residues  were  examined  by  X-ray  diffraction. 

8.  All  X-ray  patterns  were  made  with  an  X-ray  diffractometer  using  nickel- 
filtered  copper  radiation. 

9.  Fly  ash  AD-513  and  the  natural  pozzolan  were  examined  by  scanning  electron 
microscopy  (SEM) . 

Results 

10.  The  phase  identifications  that  were  made  by  X-ray  diffraction  procedures 
along  with  some  of  the  chemical  analytical  data  and  selective  dissolution 
results  are  shown  in  Tables  Cl  through  C6  for  the  15  samples.  Experience  has 
shown  that  fly  ash  from  bituminous  coal  typically  contains  small  amounts  of 
quartz,  mullite,  hematite,  and  magnetite  as  the  crystalline  phases.  Occasionally 
mullite  may  be  absent.  These  ashes  do  not  harden  when  mixed  with  water. 

Table  C3  shows  the  phase  composition  of  bituminous  ashes  AD-511  and  AD-570 
along  with  solubility  data  for  AD-511. 

11.  Experience  has  also  shown  that  fly  ash  from  subbituminous  coal  or  lignite 
typically  contains  more  and  different  kinds  of  crystalline  phases  than  the 
ash  from  bituminous  coal.  Lime  (CaO) ,  anhydrite  (CaSO^) ,  and  periclase  (MgO) 
are  commonly  found  in  addition  to  the  phases  usually  found  in  bituminous  ash. 
Tables  Cl  and  C2  show  the  comparative  phase  composition  of  three  subbituminous 
ashes  (AD-505,  507,  512)  and  four  lignite  ashes  (AD-506,  509,  510,  513)  as 
well  as  other  data.  Only  ashes  AD-506  and  AD-512  of  these  seven  did  not  harden 
when  mixed  with  water.  Chemically  determined  lime  ranged  from  4.8  to  29.9 
percent;  the  amount  of  crystalline  lime  by  X-ray  diffraction  generally  agreed 
with  the  chemically  determined  amounts;  when  these  did  not  agree  this  was 
taken  to  mean  that  some  of  the  calcium  was  dissolved  in  the  glassy  phase  of 


*  US  Army  Engineer  Waterways  Experiment  Station.  1949  (Aug) .  Handbook  for 
Concrete  arid  Cement,  with  quarterly  supplements,  Vicksburg,  Miss. 

**  Pepper,  L. ,  and  Mather,  B.  1959.  "Effectiveness  of  Mineral  Admixtures 
in  Preventing  Excessive  Expansion  of  Concrete  Due  to  Alkali-Aggregate 
Reaction,"  ASTM  Proceedings,  Philadelphia ,  Pa.,  Vol  59,  pp  1178-1203. 


the  ash  rather  than  being  present  as  lime.  As  indicated  earlier  each  table 
indicates  which  ashes  contain  the  most,  least,  and  intermediate  amounts  of 
the  different  crystalline  phases  as  judged  by  the  intensity  of  X-ray  diffrac¬ 
tion  peaks. 

12.  As  the  amount  of  a  crystalline  phase,  in  a  mixture  decreases  or  is  masked 
by  large  amounts  of  amorphous  material  (glass),  a  point  is  reached  where  only 
the  strongest  X-ray  diffraction  peak  of  a  crystalline  phase  may  be  detectable. 

In  such  cases  identification  of  a  phase  may  rest  solely  on  that  peak.  This 

is  the  situation  that  exists  or  is  approached  with  samples  such  as  these  15. 

The  basic  intent  of  the  selective  dissolution  chemical  treatments  used  was 
to  concentrate  some  phases  and  remove  others  as  a  basis  for  better  identifica¬ 
tion  of  crystalline  phases  and  as  an  approach  to  determining  amounts  by  weight 
changes.  Inspection  of  X-ray  diffraction  patterns  of  residues  after  the  cold 
water  treatment  indicated  this  treatment  was  not  worthwhile  in  obtaining  the 
results  just  discussed.  Maleic  acid  treatments  were  somewhat  better  as  an 
approach  to  improved  phase  identification  by  X-ray  diffraction.  Bearing  in 
mind  the  problems  discussed  about  phase  identification  by  X-ray  diffraction  in 
such  materials  note  that  calcium  aluminoferrite  is  indicated  as  being  present 
in  the  lignite  ash  AD-510  (Table  C2) ;  this  is  the  same  material  found  in  most 
Portland  cements.  i'etra calcium  trialuminate  sulfate  is  also  indicated  as  being 
present  in  the  same  ash  and  possibly  in  the  lignite  ash  AD-513;  this  is  the  ex¬ 
pansive  component  in  Type  K  expansive  cement.  AD-510  had  the  most  lime  by 
chemical  analysis  (29.9  percent)  and  was  the  most  complex  of  the  12  ashes  exam¬ 
ined.  There  was  probably  some  crystalline  material  in  it  that  remained  uniden¬ 
tified;  this  may  also  be  true  for  a  few  of  the  other  ashes.  A  chemical  proce¬ 
dure  for  the  selective  removal  of  glassy  material  from  fly  ash  has  been 
published . * 

13.  The  fact  that  ettringite  was  found  in  the  hydrated  material  of  all  seven 
of  the  ashes  shown  in  Tables  Cl  and  C2  by  X-ray  diffraction  is  taken  as  proof 
that  these  and  probably  other  ashes  are  a  source  of  alumina  to  make  ettringite 
with  or  without  portland  cement  when  they  are  combined  with  water.  The  fact 
that  thenardite  (N.-^SO',)  was  identified  in  the  X-ray  patterns  of  hydrated  AD- 
505,  509,  and  510  and  not  in  them  without  hydration  indicates  sodium  was  readily 
soluble  from  the  glass  since  none  of  the  crystalline  phases  identified  should 
provide  a  source  of  sodium;  the  sulfate  came  from  the  anhydrite.  Neither  hy¬ 
dration  nor  chemical  dissolution  treatments  had  much  effect  on  the  periclase 

in  tlu*  samples;  this  suggests  the  periclase  tends  to  be  dead  burned  and  there¬ 
fore  un reactive. 

14.  Table  C4  shows  the  phase  identifications  and  some  solubility  data  for  two 
bituminous  (AD-517,  WES-44F-73)  ashes  and  one  lignite  (AD-577)  ash.  They  show 
the  expected  compositions  and  range  of  solubility  data. 

15.  Table  C5  shows  phase  identifications  and  some  solubility  data  for  two 
natural  glassy  pozzolans  (AD-516,  AD-518). 

16.  Table  C6  shows  phase  identifications  and  some  solubility  data  for  blast¬ 
furnace  slag  (AD-537);  the  phases  shown  are  normal  for  such  material. 


Buck,  A.  I).,  Husbands,  T.  B.,  and  Burkes,  .[.  P .  1983  (May).  "Studies  of 

the  Constitution  of  Fly  Ash  Using  Selective  Dissolution,"  Miscellaneous 
Paper  SI, -83-5,  US  Army  Engineer  Waterways  Experiment  Station,  Vicksburg,  Miss. 


17.  Typical  particle  shapes  of  fly  ash  AD-31  3  and  of  natural  pnzzoi.m  AD-518 
are  shown  in  Micrograph  Cl.  Micrograph  a.  shows  the  generally  larger  spheric.) 
shape  of  fly  ash  particles  as  compared  to  silica  fume  spheres.  Micrograph  b 
shows  the  nonspherical  and  larger  particle  shape  of  this  natural  pozzolan  as 
compared  to  both  fly  ash  and  silica  fume. 

Cone  liis  ions 

18.  Several  conclusions  appear  warranted  from  the  results  that  were  obtained: 

a.  F.l.y  ashes  resulting  from  the  burning  of  lignite  and  subbit umlnous 
coals  are  significantly  different  from  those  obtained  by  burning  bituminous 
coal . 

b.  The  lignite  and  subbituminous  ashes  are  likely  to  be  similar  in  phase 
composition  and  will  contain  more  and  different  crystalline  phases  than  bitumi 
nous  ash. 

c.  The  lignite  and  subbituminous  ashes  are  likely  to  contain  crystalline 
lime,  anhydrite,  and  periclase  in  addition  to  the  mullite,  quartz,  hematite, 
and  magnetite  that  are  usually  common  to  all  ashes. 

d.  If  an  ash  contains  crystalline  lime,  it  will  probably  harden  when  com 
bined  with  water. 

e.  Since  it  has  been  observed  that  hydration  of  these  lignite  and  sub¬ 
bituminous  ashes  resulted  in  the  formation  of  ettringite  and  since  there  was 
no  other  source  of  aluminum,  it  follows  that  the  aluminum  needed  to  make  et¬ 
tringite  came  from  the  glassy  phase  of  these  ashes. 

f.  The  one  fly  ash  (AD-513)  and  the  one  natural  pozzolan  (AD-518)  that 
were  examined  by  SEM  showed  the  typical  spherical  and  nonspherical  particle 
shapes,  respectively,  that  were  expected  for  these  materials. 


Fly  ash  AD-513,  showing  spherical  shapes,  X  2000, 
No.  042677-3.  Largest  sphere  is  about  5  pm  in 
diameter. 


Table  Cl 

Compos itlonal*  and  Par tial  Chemical  Data 
_for  Three  Subbit uminous  Fly  Ashes 


Crystalline  Phases 

AD-505** 

Missouri 

AD-507** 

Missouri 

AD-512** 

Iowa 

Mullite 

X  (2) 

X  (i)i- 

Not  detected 

Quartz 

X  (2) 

X  (1) 

X  (2) 

Hematite 

X  (2) 

X  (1) 

X  (2) 

Magnetite 

X  (2) 

X  (1) 

X  (3) 

Lime 

X  (2) 

Not  detected 

X  (1) 

Hydrated  Lime 

X  (2) 

Not  detected 

X  (1) 

Periclase 

X  (2) 

Not  detected 

X  (1) 

Anhydrite 

X  (2) 

X  (3) 

X  (1) 

Chemical  Data 

Lime,  % 

11.1 

4.8 

20.3 

Soluble  in  Cold 
Water,  % 

5.7 

Not  determined 

10.7 

Balance  Soluble  in 
Maleic  Acid,  % 

7.2 

Not  determined 

11.2 

Total  Soluble  in 
Maleic  Acid,  % 

Not  determined 

6.0 

Not  determined 

Insoluble 

87.1 

94.0 

78.1 

Total,  % 

100.0 

100.0 

100.0 

Material  Hardened 
in  Water 

Yes 

Yes 

No 

CRD-C  128  datart 

Sc  (millimoles/L) 

32 

208 

15 

Rc  (millimoles/f.) 

388 

398 

436 

*  Based  on  X-ray  diffraction  data. 

**  Hydration  of  the  material  with  water  for  21  days  resulted  in  the  development 
of  ettringite.  AD-505  developed  a  white  crust  of  thenardite. 
t  Numbers  in  parentheses  refer  to  amount  of  a  compound  with  one  being  most  and 
three  least. 

++  12.5-g  sample  in  25  ml  of  IN  NaOH  at  80°C  for  24  hr. 


Table  C2 

Compos i t ional* 

and  Partial  Chemical  Data  for 

Four 

Lignite  Fly  Ashes 

AD-506** 

AD-509** 

AD-510** 

AD-513** 

Crystalline  Phases 

Texas 

North  Dakota 

Minnesota 

Colorado 

Mullite 

X  (l)t 

Not  detected 

Possible 

X  (2) 

Quartz 

X  (1) 

X  (2) 

X  (4) 

X  (3) 

Hematite 

X  (2) 

X  (2) 

X  (1) 

X  (2) 

Magnetite 

X  (2) 

X  (2) 

X  (1) 

X  (2) 

Lime 

X  (2) 

Possible  (4) 

X  (1) 

X  (3) 

Hydrated  Lime 

X  (1) 

Not  detected 

Not  detected 

Not  detected 

Per iclase 

X  (2) 

X  (2) 

X  (1) 

X  (2) 

Anhydrite 

X  (3) 

X  (3) 

X  (1) 

X  (2) 

Melilite  Group 

Not 

detected 

X 

X 

X 

Calcium  Alumino- 

ferrite 

Not 

detected 

Not  detected 

X  (1) 

Not  detected 

Tetracalcium  Tri- 

aiuminate  Sulfate 

Not 

detected 

Not  detected 

X  (1) 

Possible  (2) 

Plagioclase  Feldspar 

Not 

detected 

Not  detected 

Not  detected 

X  (1) 

Chemical  Data 

Lime,  X 

19.8 

13.  1 

29.9 

21.0 

Soluble  in  Cold 

Water,  X 

Not 

determined 

Not  determined 

14.8 

6.8 

Balance  Soluble  in 

Maleic  Acid,  % 

Not 

determined 

Not  determined 

23.6 

14.7 

Total  Soluble  in 

Maleic  Acid,  % 

13.5 

12.1 

Not  determined 

Not  determined 

Insoluble,  % 

86.5 

87.9 

61.6 

78.  5 

Total 

100.0 

100.0 

100.0 

100.0 

Material  Hardened 

in  Water 

No 

Yes 

Yes 

Yes 

CRD-C  128  datatt 

Sc  (millimoles/?. ) 

44 

157 

9 

6 

Rc  (millimoles/?) 

658 

324 

307 

528 

*  Based  on  X-ray  diffraction  data. 

**  Hydration  with  water  for  about  21 

days  resulted  in  the  development  of 

ettringite.  AD-509 

and 

AD-510  also 

formed  a  white  crust  of  thenardite. 

+  Numbers  in  parentheses 

refer  to  amount  of  a  compound 

with  one  being  most 

and  four  being  least. 

+t  12.5  g  of  sample  in 

i  25 

ml  of  IN  NaOH  at  80°C  for  24  hours. 

Table  Cl 


Compos itional* 

and  Partial  Chemical  Data  for 

Two 

Bituminous  Fly  Ashes 

Crystalline  Phases 

AD-511 

Georgia 

AD- 5 70 
Mississippi 

Mullite 

X  (2)** 

X  (1) 

Quartz 

X  (2) 

X  (1) 

Hemat i te 

X  (2) 

X  (1) 

Magnetite 

X  (1) 

X  (2) 

Chemical  Data 

Total  Soluble  in  Maleic  Acid,  7 

4.9 

Not 

determined 

Insoluble,  7. 

95.  1 

Not 

determined 

Total  ,  % 

1 00.  0 

CRD-C  128  data 

Sc  (millimoles/O 

162 

Not 

determined 

Rc  (millimoles/;. ) 

423 

Not 

determined 

*  Based  on  X-ray  diffraction  data. 

**  Numbers  in  parentheses  refer  to  amount  with  one  being  most  and  two  being 
least . 

t  12.5  g  of  sample  in  25  ml  of  IN  NaOll  at  80°C  for  24  hours. 


Table  C4 

Compos itiona_l*  and  Partial  Chemical  Data  for 
Two_  Bituminous  and  One_  L  ign  i  te  Fly  Ashes 


AD- 5 17** 

WES-44F-73 

AD-577 

Crystalline  Phases 

Michigan 

Missouri 

Texas 

Mullite 

X 

X 

X 

Quartz 

X 

X 

X 

Hematite 

X 

X 

X 

Magnetite 

X 

X 

X 

Lime 

X 

X 

X 

Per iclase 

Not  detected 

Possible 

X 

Anhydrite 

Not  detected 

X 

X 

Chemical  Data 

Total  Soluble  in 

Maleic  Acid,  % 

2.5 

Not  determined 

8.  1 

Insoluble,  Z 

97.5 

Not  determined 

91.9 

Total,  % 

100.0 

100.0 

*  Based  on  X-ray  diffraction  data. 

**  Used  in  blended  cement  K C  —  7 1 ^ . 

+  Used  in  blended  cement  RC-807(A). 


Table  C5 

Compositional*  and  Partial  Chemical  Data  for 
Two  Natural  Pozzolans 


Crystalline  Phases 
Quartz 

Plagioclase  and  Potassium 
Feldspars 
Cristolzalite 
Hematite 
Magnetite 
Biotite  Mica 
Gypsum 
Calcite 
Dolomite 

Clay,  14A  (1.4  nm) 

Chemical  Data 

CRD-C  28  datat 

Sc  (millimoles/X,) 

Rc  (millimoles/i) 


AD-516 
_ Greece 

X  (2) 

X  (plagioclase  only)  (1) 
Not  detected 
Not  detected 
Not  detected 
Not  detected 
Not  detected 
X 
X 
X 


Not  determined 
Not  determined 


*  Based  on  X-ray  diffraction  data. 

**  Numbers  in  parentheses  refer  to  amount  of  a  compound  with  one 
most  and  two  being  least. 

12.5  g  of  sample  in  25  ml  of  IN  NaOH  at  80°C  for  24  hours. 


AD-518 
Cali fornia 

X  (1)** 

X  (2) 

X 

X 

X 

X 

X 

Not  detected 
Not  detected 
Not  detected 


1055 

470 


being 


Table  C6 

Compositional*  and  Partial  Chemical  Data  for 
One  Blast -Fur nace  Slag 


AD-537** 

Crystalline  Phases  _  Michigan 

Monticellite  X 

Melilite  Series  X 

Meruinite  X 

Calcite  X 

Iron  X 

Chemical  Data 

Soluble  in  Cold  Water,  %  3.1 

Balance  Soluble  in  Maleic  Acid,  %  56.9 

Insoluble,  %  40.0 

Total,  %  YOO.O 


Based  on  X-ray  diffraction  data. 

Used  in  iron  blast-furnace  slag  cement  RC-758. 


i 

I 

4 

I 

Background  ' 

» 

1.  Silica  fumes  and  fumes  of  ocher  metals  are  fine  powders  that  are  by-  j 

products  of  producing  elemental  silicon  or  ferrosilicon.  They  are 

characterized  by  extremely  high  surface  area,  by  being  glassy  spheres,  and 
by  high  silica  contents,  usually  over  80  percent.  A  group  of  16  fumes  from 
8  different  states  was  examined  primarily  by  X-ray  diffraction  to  deter¬ 
mine  what  crystalline  phases  were  present. 

i 

Samples 

2.  The  identification  and  source  of  each  sample  is  shown  in  Tables  1 

and  2.  AD-536 (2)  was  used  extensively  in  several  ongoing  research  pro¬ 
grams;  testing  of  the  other  15  samples  was  limited  to  petrographic  exami¬ 
nation,  chemical  analysis,  and  some  physical  testing.  j 

i 

Test  Procedure  ' 


3.  A  composite  of  each  sample  was  examined  by  X-ray  diffraction,  usually 
without  grinding.  In  addition,  four  of  the  samples  were  selected  for 
additional  examination.  This  consisted  of  wet  sieving  a  portion  of  AD- 
536(2),  AD-544(75),  AD-545,  and  AD-550  over  a  45  pm  (No.  325)  sieve.  The 
material  larger  than  45  pm  from  each  of  these  samples  was  tested  with  a 
magnet.  If  there  were  significant  amounts  of  magnetic  material  (AD-545) 
then  the  material  larger  than  45  urn  was  separated  into  magnetic  and  non¬ 
magnetic  portions  and  each  was  examined  by  X-ray  diffraction.  The  coarser 
fractions  of  AD-536(2),  AD-544(75),  and  AD-550  were  ground  and  examined 

by  X-ray  diffraction  without  magnetic  separation. 

4.  A  portion  of  AD-550  was  placed  in  distilled  water  overnight  to  dis¬ 
solve  soluble  material.  The  water  was  then  decanted  and  dried;  the  re¬ 
sulting  solids  were  examined  by  X-ray  diffraction. 

5.  A  sample  of  AD-536(2)  was  treated  by  a  variation  of  test  method 
CRD-C  128*  as  described  by  Pepper  and  Mather  (1959)**  as  a  measure  of 
preventing  excessive  expansion  in  concrete. 


*  US  Army  Engineer  Waterways  Experiment  Station.  1949.  "Handbook  for 
Concrete  and  Cement,"  with  quarterly  supplements,  Vicksburg,  Miss. 

**  Pepper,  L.,  and  Mather,  B.  1959.  "Effectiveness  of  Mineral  Admixtures 
in  Preventing  Excessive  Expansion  of  Concrete  Due  to  Alkali-Aggregate 
Reaction,"  ASTM  Proceedings,  Philadelphia,  Pa.,  Vol  59,  pp  1178-1203. 


D2 


6.  All  X-ray  examinations  were  made  with  an  X-ray  diffractometer  using  nickel- 
filtered  copper  radiation. 

7.  A  portion  of  several  samples  was  prepared  as  an  immersion  mount  and  examined 
with  a  polarizing  microscope  to  verify  that  the  sample  was  glassy  and  for  other 
features . 

8.  Each  sample  was  examined  by  X-ray  emission  spectroscopy  to  determine  if 
any  elements  had  been  overlooked  during  the  regular  chemical  analysis. 

9.  A  limited  examination  of  the  fume  was  made  with  a  scanning  electron  micro¬ 
scope  (SEM) .  This  included  the  original  sample  (AD-536)  and  the  third  sample 
(AD-536 (2))  from  the  same  source;  all  were  similar. 

Results 

10.  The  X-ray  diffraction  patterns  indicated  that  all  16  of  the  fume  samples 
were  largely  amorphous  material.  The  silica  content  of  these  samples  ranged 
from  42.6  percent  for  AD-545  to  95.2  percent  for  AD-541  (Tables  D1  and  D2) . 

Seven  samples  had  silica  contents  above  90  percent,  four  were  between  75  and 
90  percent,  and  five  were  below  75  percent  (Tables  D1  and  D2) .  These  usually 
high  silica  contents  coupled  with  the  appearance  of  the  material  when  viewed 
with  a  polarizing  microscope  indicated  that  the  amorphous  material  in  the 
samples  was  wholly  or  largely  silica.  As  indicated  earlier,  several  different 
shipments  of  the  AD-536  fume  were  essentially  identical. 

11.  Four  of  the  samples  (AD-545,  AD-546,  AD-549,  AD-557)  had  much  higher  iron 
contents  as  judged  by  background  intensity  of  the  X-ray  charts  and  by  chemical 
analysis.  These  four  samples  are  grouped  in  Table  Dl;  their  iron  contents 
ranged  from  6.2  to  14.6  percent.  While  the  iron  contents  of  the  other  12 
samples  are  not  shown  in  Table  D2 ,  they  ranged  from  0.0  to  0.6  percent  for  six 
of  them  and  from  1.0  to  1.9  percent  for  the  remaining  six  samples. 

12.  The  identification  of  crystalline  phases  is  shown  for  the  four  high  iron 
samples  in  Table  Dl  and  for  the  remaining  12  samples  in  Table  D2.  It  should  be 
kept  in  mind  that  even  though  many  phases  may  be  indicated,  as  for  example 
AD-545  in  Table  Dl,  the  combined  total  amount  of  crystalline  phases  in  a  sample 
was  usually  low  because  the  samples  were  largely  amorphous  silica.  Magnetite, 
quartz,  silicon,  and  silicon  carbide  were  the  crystalline  phases  that  were 

most  commonly  found.  The  chlorides  sylvite  and  halite  were  present  in  AD-544 (75) 
AD-544 (98),  AD-550,  and  AD-558  (Table  2);  sylvite  was  probably  present  in 
AD-557  (Table  Dl)  and  possibly  present  in  AD-542  (Table  D2) .  AD-558  and  AD-550 

contained  1.1  and  4.1  percent  chloride,  respectively.  The  identification  of 
these  materials  in  AD-550  was  proven  by  their  enhanced  presence  in  the  water- 
soluble  residue  that  was  examined  by  X-ray  diffraction.  AD-550  also  had  the 
most  crystalline  material  in  it  as  judged  by  the  X-ray  diffraction  peaks. 

13.  Two  SEM  micrographs  of  two  different  shipments  of  AD-536  fume  are  shown  in 
Micrograph  Dl.  Initial  specimen  preparations  did  not  disperse  the  particles 
well  as  can  be  seen  in  Micrograph  Dla.  Modification  of  sample  preparation  using 
an  ultrasonic  cleaner  gave  better  particle  dispersion  as  shown  in  Micrograph  Dll'. 
In  both  micrographs  the  shape  and  small  size  of  the  spheres  is  evident.  The 
largest  spheres  shown  are  about  0.5  pm  or  less  in  diameter  which  shows  the 
small  particle  size  of  this  material. 


HOT 


Conclusions 


14.  Examination  of  10  by-product  fume  materials  by  X-ray  diffraction  along  with 
other  data  indicated  they  were  largely  amorphous  silica.  The  most  significant 
difference  found  in  this  examination  of  the  16  fumes  was  that  4  were  charac¬ 
terized  by  high  iron  contents  while  the  remaining  12  fumes  had  much  lower  iron 
contents . 

15.  The  chloride  phases  found  in  several  samples  were  probably  contamination. 


16.  Silica  fumes  AD-536  and  AD-536 (2)  were  shown  to  consist  of  spherical 
particles  generally  less  than  0.5  pm  in  size.  It  is  considered  probable  that 
the  other  fumes  were  similar. 


Table  1)1 


Compositional*  and  Partial  Chemical  Data  for 
Four  High  Iron  Glassy  Fumes 


Minor 

Crystalline  Phases 

AD-545 

Ferros il icon 
and  Manganese 
Silicon  Fume, 
Tenn . 

AD-546 

Ferrosilicon 
Fume,  W.  Va. 

AD-549 
Silica  Fume, 
Ala. 

AD-557 

Ferrosilicon 
Fume,  Ala. 

Oxides 

Hematite 

X 

— 

— 

X 

Magnetite 

X 

X 

X 

X 

Ilmenite 

X 

— 

— 

— 

Jacobs ite 

X 

— 

— 

— 

Quarts 

X 

— 

X 

X 

Cristobalite 

X 

— 

— 

— 

Manganosite 

X 

— 

— 

— 

Clements 

Carbon 

X 

— 

possible 

X 

Silicon 

X 

— 

— 

X 

Ir  n 

— 

X 

X 

probable 

Sulfides 

Py rite 

X 

— 

— 

— 

Pyrrotite 

X 

— 

— 

— 

Silicates 

Akermanite 

X 

— 

— 

— 

Gehlenite 

X 

— 

— 

— 

Mullite  or 

Sillimanite 

X 

— 

— 

— 

Silicon  Carbide 

— 

possible 

X 

X 

Iron  Silicide 

— 

possible 

X 

X 

Calc ite 

— 

— 

X 

— 

Sylvite 

— 

— 

— 

probable 

Chemical  Data 

Fe203,  a. 

6.2 

13.9 

11.3 

14.6 

Sio,, ,  7, 

42.6 

73.7 

67.4 

71.2 

Cl—  f  •' 

0.0 

0.1 

0.0 

0.2 

*  All  iilenti f u  at  ions  are  based  on  X-ray  d i f I rac t i on ;  most  identifications  are 
tentative  since  they  are  usual Iv  based  on  one  or  at  most  only  a  few  peaks. 

*  Identifications  based  on  examination  of'  material  coarser  than  a  45 -pm  (No. 
125)  sieve  as  well  as  of  the  whole  sample. 


Table  D2 


Compositional* **  and  Partial  Chemical  Data  for 
Twelve  Glassy  Fumes 


Minor 

Crystalline  Phases 

jf  £ 

AD-536(2) 
Silica 
Fume,  Ala. 

AD-541 
Silica 
Fume , 
Ohio 

AD-542 
Silica 
Fume , 
Ohio 

AD-543 
Silica 
Fume , 
Ore. 

AD-544 (75) 
Silica  Fume, 
Wash. 

AD-544  (91 
Silica 
Fume , 
Wash . 

Oxides 

Magnetite 

— 

X 

X 

X 

X 

X 

Spinel  Group 

— 

Possible 

Possible 

— 

— 

X 

Quartz 

X 

Possible 

Possible 

X 

X 

X 

Cristobalite 

— 

— 

— 

— 

X 

X 

Elements 

Carbon 

— 

Possible 

Possible 

Possible 

— 

X 

Silicon 

— 

X 

X 

— 

X 

X 

Plagioclase 

Feldspar 

— 

— 

— 

— 

X 

— 

Silicon  Carbide 

X 

X 

X 

X 

X 

X 

Iron  Silicide 

— 

— 

— 

— 

Possible 

— 

Barium  Fer- 

rite  (IV) 

— 

— 

— 

— 

Possible 

— 

Chlorides 

Sylvite 

— 

— 

Possible 

— 

X 

X 

Halite 

— 

— 

— 

— 

X 

X 

Chemical  Data 

SiO  ,  % 

93.9 

95.2 

89.4 

92.6 

90.1 

83.6 

Cl-7  / 

0.0 

0.0 

0.2 

0.0 

0.1 

0.2 

CRD-C  128  data' 

Sc  (mill imoles/Z.) 
Rc  (millimoles/l) 

1544 

378 

Not 

Not 

determined 

determined 

(Continued) 


*  Based  on  X-ray  diffraction  data;  most  identifications  are  tentative  since  they  are 
usually  based  on  one  or  at  most  only  a  few  peaks. 

**  Identifications  based  on  examination  of  material  coarser  than  a  45-um  (No.  325) 


sieve  as  well  as  of  the  whole  sample. 

+  12.5  g  of  sample  in  25  ml  of  IN  NaOH  at  80°C  for  24  hours. 


Table  D2  (Concluded) 


Chemical  Data 

Si02,  % 

Cl,  X 


91.5 

0.1 


67.4 

4.1 


93.6 

0.0 


93.3 

0. 1 


80.7 

0. 1 


85.1 

1.1 


ft 

'  j-  ' 


Minor 

Crystalline  Phases 

Oxides 

Magnetite 
Spinel  Group 
Quartz 

Elements 

Carbon 
Silicon 
Plagioclase 
Feldspar 
Olivine 
14-A  Clay 
Calcite 

Silicon  Carbide 

Chlorides 

Sy lvite 
Halite 


kk 

AD-550 
Mixture  of 
Chromium, 
Manganese , 

AD-551 

AD-552 

Ferro- 

AD-553 

Ferro- 

Chrome 

AD- 5  58  k'\'; 

Ferro- 

AD-548 

and  Ferro- 

Silica 

Silicon 

and  Silica 
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*  Based  on  X-ray  diffraction  data;  most  identifications  are  tentative  since  they  are 
usually  based  on  one  or  at  most  only  a  few  peaks. 

**  Identifications  based  on  examination  of  material  coarser  than  a  45-pm  (No.  325) 
sieve  and  of  water-soluble  material  as  well  as  of  the  whole  sample. 


APPENDIX  E:  METHODS  OF  CHEMICAL  ANALYSIS 


(A)  Method  of  Analysis  of  Port  Land  Cement  and  Portland 
Blast-Furnace  Slag  Cements  Usings  Flame 
Atomic  Absorption  (AA) 

1.  Summary  of  method. 

The  cement  is  combined  with  ammonium  chloride  and  digested  in  hydrochloric 
acid;  silica  is  removed  by  filtration.  The  filtrate  is  diluted  to  500  ml  and 
analyzed  for  Al,  Fe,  Mg,  Mn,  Ti,  Na,  and  K  by  AA. 

2.  Reagents. 

2.1  Ammonium  chloride  (NH/4Ci),  crystals,  reagent  grade. 

2.2  Hydrochloric  acid  (HC1),  reagent  grade. 

2.3  SRM  cements  -  National  Bureau  of  Standards,  Standard  Reference  Cements, 
SRM's  633-639. 

2.4  Standard  cement  solutions.  Remove  Si02  and  reserve  the  filtrate  in  a 
500-mi,  volumetric  flask  according  to  ASTM  C  114  (Silicon  Dioxide).  Dilute  the 
filtrate  to  mark  in  the  flask  and  mix.  Prepare  the  complete  series  of  SRM's  633-639 

3.  equipment. 

3.1  Steam  bath. 

3.2  500-ml  volumetric  flask. 

3.3  Any  type  of  AA  instrument  that  can  be  demonstrated  to  give  the  degree 
of  accuracy  and  precision  as  indicated  in  ASTM  C  114  (Number  of  Determinations 
and  Permissible  Variations). 

4.  Procedure. 

4.1  Follow  ASTM  C  114  (Reference  Methods). 

4.2  Catch  the  filtrate  from  the  filtering  of  the  silica  determination  in  a 
500-mL  flask.  Dilute  to  mark  and  mix. 

4.3  Read  the  absorbance  or  percent  of  the  element  as  an  oxide  on  the  AA 
instrument  using  the  SRM  cement  solutions  as  standards;  convert  to  percent. 

4.4  Calculations.  Absorbance  to  percent  oxide 

A  -A 

E  =  ,a-  -  ,  C  (E  -F  )  +  E 
c  A^-A  a  b  a 

where.  Aa  =  Absorbance  reading  of  standard  that  is  lower  than  unknown. 

A^  =  Absorbance  reading  of  standard  that  is  higher  than  unknown. 

Ac  =  Absorbance  reading  of  the  unknown. 

E  =  Percent  oxide  of  standard  A,. 

Ejj  =  Percent  oxide  of  standard  Aj} . 

11.  =  Percent  oxide  of  unknown. 


(B)  Method  of  Analysis  of  Elements  Us  ins  Flame  Atomic  Absorption 
(Po_r  tl_and-Pozzolati_  Cements  jind  Pojjzolans) 

Method  of  Analysis 

1.  Summary:  The  sample  of  por tland-pozzolan  cement  or  pozzolan  was  fused  with 
lithium  metaborate  (LiBC^)  and  dissolved  in  an  acid  solution.  The  solution  was 
analyzed  by  flame  atomic  absorption  using  standards. 

2.  Reagents. 

2.1  Lithium  metaborate  (LiBC^)  reagent  grade.  Analyze  the  LiBC^  for  the 
elements  that  will  be  determined  in  the  blended  cements  or  pozzolans.  If  more 
than  a  trace  is  found  of  any  element,  reject  the  LiB02* 

2.2  HC1  -  concentrated  reagent  grade. 

2.3  Silica  flour,  at  least  99.9  percent  pure. 

2.4  Cements  -  SRM,  National  Bureau  of  Standards  Reference  Materials,  SRM  633-639 

2.5  Standard  solutions  of  Si02  and  SRM  Cements. 

Blend  0.5  g  +  0.5  mg  of  Si02  or  a  SRM  cement  with  1  g  LiB02-  Place  0.1  g 
LiB02  in  bottom  of  a  prefired  carbon  crucible.  Place  the  blended  mixture  on 
top  of  the  LiB02  in  the  crucible  and  0.1  g  LiB02  that  is  used  as  a  chemical 
rinse  of  the  blending  on  top.  Fuse  for  15  min  at  1100°  C.  Remove  the  fused, 
melted,  mass  from  the  furnace.  Gently  swirl  and  pour  the  melt  into  a  250-ml 
plastic  beaker  containing  5  ml  concentrated  HC1  and  50  ml  water.  Stir  with  a 
magnetic  stirrer  until  the  fusion  is  dissolved;  usually  less  than  10  min. 

Transfer  to  a  500-ml  volumetric  flask  and  rinse  the  plastic  beaker  at  least 
three  times  with  ambient  temperature  water.  Dilute  the  contents  of  the  flask 
to  mark  and  mix. 

2.6  Equipment. 

2.6.1  Carbon  crucible,  8-ml  capacity,  made  from  purified  graphite. 

2.6.2  Furnace  capable  of  maintaining  1100°  C  +  25°  C. 

2.6.3  Magnetic  stirrer  with  Teflon-coated  stirring  bars. 

2.6.4  Plastic  beaker,  250-ml  capacity  with  lip. 

2.6.5  Volumetric  flask,  Class  A,  500  ml  with  stopper. 

2.6.6  Any  type  of  AA  instrument  that  will  be  within  the  accuracy  and 
precision  as  defined  in  the  following  paragraph. 

For  determining  the  accuracy  and  precision,  use  at  least  one  SRM  cement 
(633-639)  solution  that  will  have  close  to  the  same  percent  of  the  element  as 
the  unknown  samples.  The  SRM  must  read  within  the  permissible  variation  of 
ASTM  C  114,  Table  1. 

The  parameters  for  the  use  of  the  Perkin-Elmer  306,  Flame  Spectrophotometer 
that  was  used  in  this  study  are  shown  on  the  next  page. 

3.  Procedure. 

3.1  Prepare  the  sample  the  same  way  as  the  standard  samples  were  prepared. 


3.2  Read  either  the  absorbance  or  as  percent  oxide  of  the  element  on  the 
AA  instrument  using  SRM  cement  solution  standards  as  standards  for  all  the  ele¬ 
ments  except  silica  for  silica  fumes  that  are  above  70  percent  Si02-  For  these 
fumes  use  Si02  solutions  and  dilute  as  needed. 

3.3  Calculation  of  absorbance  to  percent  oxide 


A  -A 

VAa  (V1V 


+  E 


where:  Aa  =  Absorbance  reading  of  standard  that  is  lower  than  unknown. 

Aj,  =  Absorbance  reading  of  standard  that  is  higher  than  unknown 
Ac  =  Absorbance  reading  of  the  unknown. 

E„  =  Percent  oxide  of  standard  A„ . 

ct  d 

Ej,  =  Percent  oxide  of  standard  A^. 

Er  =  Percent  oxide  of  unknown. 


(C)  Method  o f  Iron  Analysis  for  Silica  Fumes  by  Titration  with 
Standard  Solution  of  Potassium  Dichromate 


1.  Summary  of  Method.  The  silica  fume  is  fused  with  LiBC^  and  iron  (III)  is 
reduced  to  iron  (II)  with  stannous  chloride  (SnCl)  and  titrated  with  a  standard 
solution  of  potassium  dichromate  (l^C^O^).  This  determination  is  not  affected 
by  any  titanium  or  vanadium  that  may  be  present  in  the  pozzolan  or  cement. 

2.  Reagents. 

2.1  LiB02,  reagent  grade. 

2.2  HC1  concentrated,  reagent  grade. 

2.3  Barium  diphenv lamine ,  sulfonate  indicator  solution.  Dissolve  0.3  g 
of  barium  diphenylamine  sulfonate  in  100  ml  U 2O . 

2.4  Potassium  dichromate,  standard  solution  (1  ml  =  0.004  g  Fe20j) .  Pre¬ 
pare  according  to  ASTM  C  114  (Reagents).  Check  the  solution  against  known 
Fe^Oj  values  of  pozzolans  and  SRM  cements  that  are  prepared  by  LiB02  fusions 
and  calculate  the  factor. 

2.5  Stannous  chloride  solution.  Prepare  according  to  ASTM  C  114  (Reagents) 

3.  Apparatus  and  materials  shall  meet  the  requirements  of  ASTM  C  114  (General, 
Apparatus  and  Materials). 

3.1  Carbon  crucible,  8-ml  capacity,  made  from  purified  graphite. 

3.2  Furnace  capable  of  maintaining  1100°  C  +  25°  C. 

3.3  Magnetic  stirrer  with  Teflon-coated  stirring  bars. 

3.4  150-ml  Pyrex  beakers  witli  lip. 

3.5  Hot  plate. 

3.6  Mortar  and  pestle. 

3.7  25-ml  Class  A  burette. 

4.  Procedure. 

A  0.5-g  +  0.5-mg  sample  of  silica  fume  is  blended  with  1  g  LiB02  and  is 
transferred  to  a  carbon  crucible  which  has  0.1  g  LiBO?  sprinkled  in  the  bottom. 
It  is  covered  with  0. 1  g  LiB()2  that  is  used  to  chemically  wash  the  mortar  and 
pestle  that  was  used  for  blending.  Fuse  for  15  min  at  1100°  C.  Remove  from 
furnace,  gently  swirl  the  melt  and  pour  into  a  150-ml  glass  beaker  containing 
10  ml  concentrated  MCI  and  50  ml  l^O.  Stir  until  the  fusion  is  dissolved, 
usually  10  min  or  less.  Cheek  the  crucible  for  any  traces  of  fusion.  If  there 
are  any,  reject  the  fusion.  Remove  and  rinse  the  stirring  bar.  Continue  with 
ASTM  C  114  (Ferric  Oxide)  and  finish  the  analysis. 

Prepare  and  analyze  a  blank  similarly  except  put  in  no  sample. 

3.  Calculations. 

Calculation  Ve2®}  to  the  nearest  0.01  percent. 


^'e2t)3  percent 


(V-B)  X  100 
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r  c  ! 

r«  m  30-  ,  c  t  ...  Nffps 

Structures  Laboratory 

REPORT  OP  TESTS  OF 

USAF.  Waterways  F.xp  St 

PORTLAND  CEMENT 

ATTN:  Cem  6  Pozz  Group 

RC-734 

P.0.  Box  631 

i 

Vicksburg,  MS  39160 

Tvpe  I 


••  Dundee ,  MI 


TmiJCEMEnT  OOCS  nE£  f  3PEC‘P  vl  A  v  Gn  "3 „>  Pf  men  *  S 

(Analysis)  ll(WET)'  1(AA): 

!kaa>  ! 

iKSOljBi.E  REJIOOC 


ORUTIOS. 


OPATlO*  2B 


»U"E*CI  abca.  iOCM  GUPI 


COMP  strength.  3c  os' 


: DmP  strength.  28  ->  PS  i 


m,o.  : 

2.8 

1 

AUKAUES-TCTRl.  AS  N9jO 

0.70  1  Water  ! 

Soluble 

(Alkali  as  Na-> 

0.28 


63.7  i 
55  T 

9  TT 


IKD 


3 


2800  COMP  ST 


OMP  ST 


5100 


! 


TMt  IHRORMRTiON  G'vEN  >n  This  *C»0«T  Small  NOT  SC  uSCO  IN  *OvCRT(SinG  O*  SAi.CS  PROMOTION  TO  iNO'C*Tl  IiTMtR  CX*l-lCcTl_V 
on  MPt'C |T^T  INOONStMENT  op  THIS  PROOuCT  av  TNI  u  S  GOVERNMENT 


W.  G.  MILLER 
Chemist 

Chief,  Cement  5.  Pozzolan  Group 


rc*o 


spe  -  e:cpt  o*e  Tvpe  IP 


Dundee 


N  E  30ES 


REPORT  OF  TESTS  OF 
Blended  Cement 

RC-735 


••  Dundee,  MI 


Structures  Laboratory 
USAE  Waterways  Exp  St 
ATTN:  Cem  &  Pozz  Test  Br 
P.  0.  Box  631 
Vicksburg,  MS  39180 


,i£S*  '0’*L  AS  No  ,0. 


2.22  _ 

0.53  Water  Soluble  i  Alkali  as  Nait>% 


ICMP  STOSNiJ’M,  28  - 


f*LSE  SET  . 


•CMtMRS 

Density  2.95  Mg/m3 

W/C  0.486 

Flow  11  n 

T«t  INFORMATION  C'VCN  'N  This  REPENT  ShRli  nOT  eC 
5"  IMPL'C'T^V  ENOORSEmf.  n  T  OF  tH.J  PHyOt.Cf  *•  '  « t 

.SEC  'N  ADVERT. s-nO  SAtES  PROMOTION  ’  O  mC'CATf  EO-fR  ElPL.f'TtT 

u  S  jC  .  E  RNMEN  T 

W.  G.  MILLER 

Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 

REPORT  OF  TESTS  OF 
PORTLAND  CEMENT 


RC-738 


FflCM  COBPS  OP  ENOiNEEBS 

StruCt5ur?^  Laboratory 
USAE  Waterways  Exp  St 
ATTN:  Cem  &  Pozz  Group 
P.0.  Box  631 
Vicksburg,  MS  39180 


from  :jrp',  of  engineers 

J  s  AMMT 

REPORT  OF  TESTS  OF 

Blended  Cement 

Structures  Laboratory 

USAE  Waterways  Exp  St 

ATTN:  Cem  &  Pozz  Test  Br 

RC-742 

P.  0.  Box  631 

Vicksburg,  MS  39180 

;.ncAT..jN  Type  IP 


This  CEmEnT  DOCS 


j  0*T£  SAMPLED 


location  Kingsport,  TN 


MEET  SPECIFICATION  PEQuiPEMENTS 


liJliinww 


VOCATION,  TO.  CAL  C 


CAT  OF  MYOffAT-ION.  280 .  CAL.  G 


SURFACE  ABEA.  SO  CM  G  IA  P  » 


ai»»  contcn 


o.  psi 


o.  psi 


FALSI  SET-PEN.  F 


SAMPLE  NO. 


AUTOCLAVE  E 


3300  I  COMP  StTR.  90 


4190  COMP  STR.  1801  D.  PS 1 1  8860 


FINAL  SET,  HR 


SAMPLE  NO. 


TIAL  SET.  HR  'MIN 


FINAL  SET,  HR/MIN 


REMARKS. 


Density  2.97  Mg/ra 
W/C  0.484 
Flow  114% 


THE  INFORMATION  GIVEN  IN  THIS  REPORT  SHALL  NOT  9E  USED  IN  ADVERTISING  OR  SALES  PROMOTION  TO  INOiCATE  EITHER  EXPLlCI' 
OR  IMPLICITLY  ENDORSEMENT  OF  this  PROOuCT  RY  tH|  u  S.  GOVERNMENT 


W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


Vv'i 


0 

Structures  Laboratory 

REPORT  OF  TESTS  OF 

USAE  Waterways  Exp  St 

P0RTLAN0  CEMENT 

ATTN:  Cem  4  Pozz  Test  Br 

P.  0.  Box  631 

RC-746 

Vickoourg,  MS  39180 

rwo.'s.  Southwestern 


r  DOCS 


Analysis 


lo-:»*-sn  Fairborn.  OH 


imwmmmTmmn 


0.22 

0.05. 

0.07 

.1 

- J 

10 

;0 

’o 

COMP  SrntSyT-  ^ 


COMP  S^ESuTm  J  O  PS. 


10.0  1 


13140  jCOMP 


W.  C.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


V 


W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


cm  or  engi*ee»s 

U  5  *  B  M  r 


REPORT  OF  TESTS  OF 

Blended  Cement 


RC-758(IS) 


Structures  Laboratory 
USAE  Waterways  Exp  St 
ATTN:  Cem  &  Pozz  Test  Br 
P.  0.  Box  631 
Vicksburg,  MS  39180 


w.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


Mrs.  K.  Mather 
Ch,  Pctro  &  X-Ray 
Engr  Sci  Div 
CL 


from  C  C  IP;  E«$ 

US  *eur 

REPORT  Or  TESTS  OF 

Cera  &  Pozz  Test  Br 

PORTLAND  C  EXE  ST 

Engr  Sci  Div 

RC  765  and  RC  766 

CL 

o»ts  15  Jua  76 


rORATION,  70.  C*L'C 


rOMATlOM.  230.  C A l/C 


e  a**ea.  so  c v*  c  i a  p  > 


tpEncTm.  ^  C 


RC-7661 


I'liT'i'.  SET,  MP/min 
rt.*:*L  SET. 


Insufficient  quantity  of  RC-765  to  run  all  physical  tests.  Run  Insol 
on  both  to  determine  which  is  PC  and  PP.  Run  all  tests,  chemical  and  physi¬ 
cal  (no  HH)  on  RC-766.  RC-766  had  0.3%  gypsum  added  to  the  clinker.  Vol¬ 

canic  ash  could  be  pozzolan  in  PP  cement.  Job  No.  545-C526 . 16C141  ($500). 
(Comparison  of  the  test  data  indicates  both  were  Portland  cement  (5/20/86).) 


‘Correction  issued  to  indicate  correct  values  for  alkali  and  Nn20 

I'trc^MATlOx  G'v  Cn  IN  THIS  PC  POP  r  s  'ALL  NOT  USED  IN  »3VERTiS'Sv  C*  JA'.f  i  PPQvlO  T  IOn  TO  INO'C.  AT  E  E'TMEH  ClPLICfTLT 
c  -♦  r  L  v  l‘lOJHi«Mt*(T  OP  TH*S  PXOOuCT  by  T»«E  LI  S  COv  -  »N  T  . 


W.  G.  MILLER 


Chemist 

Chief,  Cement  and  Pozzolan  Test  Branch 


TO 


r  R  ;m  ;:isp',  :  r  E  •«  5 

'i  A  *»  m  Y 

Structures  Laboratory 

REPORT  OF  TESTS  OF 

USAE  Waterways  Exp  St 

Blended  Cement 

ATTN:  Cem  &  Pozz  Test  Br 

RC- 769 

P.  0.  Box  631 

Vicksburg,  MS  39180 

Universal  Atlas 


NT  DOES 


:  C  vp  -afs.,'"  28  : 


*TE  SAWOuE3 


Universal,  PA 


EME^TS 


1 (WET)  1  (AA) 


7.91  i 


*l  *  Ai- '  E  S  -  rOT  *L  *S  Nj  D 

0.37  Water  Soluble 

Alkali 

as  Na-i 

0.02 


.  PSI  1  8610 


5430  I  COMP  STR.  180! D.  PSI  8210 


!  7920  COMP  STR.  1  Y 


Density  3.03  Mg/m' 
W/C  0.485 
Flow  110% 


T«I  in»0»»»TiON  'iivtN  IN  TM.$  RtPORT  Shall  NOT  g  £  tj  SC  O  >N  ADVERTISING  OR  SALES  PROMOTION  TO  INOICATE  Either  EXPLICITLY 
OR  imPlic.tly  Endorsement  or  th.s  pbcOuCT  by  Th|  u  S  GOVERNMENT 


W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


VVV*»V s 


REPORT  OF  TESTS  OF 
PORTLAND  CEMENT 


TO 

PROM  COBPS  OP  Eng  nEEBS 

Structure's  Laboratory 

REPORT  OP  TESTS  OF 

USAE  Waterways  Exp  St 

Blended  Cement 

ATTN:  Cem  &  Pozz  Test  Br 

RC-773 

L  .. 

P.  0.  Box  631 

Vicksburg,  MS  39180 

DATE  SAMPLED 


company  Texas  Industries  locat.on  Midlothian.  TX 


THIS  CEMENT  DOES  MEET  SPECIFICATION  BEOuiREMEN  TS 


1 (AA)  I 


W  Mi,: 


LOSS  ON  IGN1T  IQ 


AlKAl.CS-  rot*.  AS  N»,0. 


[  0. SSi,  Water  Soluble 


SLBPACE  APE  ‘ 

1.  53  M  L.  A  P  \ 

_39AQ _ I 

. 

Al«  CON  TEN  r. 

- 

6.0  1 

NOTH  3  3  PSl 


STBENOT-  7  O  PS' 


28  - 


PAlSE  SE  '  - 


3480  I  COMP  STR,  90 


4350  COMP  STR,  180  D.  PSI 


5910  COMP  STR.  1  Y 


OC  L*VE  E*P  .  *. 


REMARKS 

Density  3.04  Mg/m^ 

W/C  0.448 

Flow  110% 

The  inpOpmAt-cn  ji.Ei  n  Tm.s  report  Shall 
or  IMPCIC  t  _  Y  E  MtK.M'.l  Mr.  n  t  OP  Th  s  PROCuC’ 

NOT  B  E  USED  in  ADVERTISING  OR  SALES  PROMOTION  rc  IND'CATE  E'TwfR  EXPLICITLY 
fl v  THE  U.  S  GOVERNMENT 

W.  G.  MILLER 

Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 

W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Groui 


Structures  Laboraotry 

I'SAE  Waterways  Exp  St 
ATTN:  Kuthirine  Mather 
Vicksburg,  MS  39180 


REPORT  OF  TESTS  OF 
PORTLANO  CEMENT 


RC-833 


Structures  Laboratory 
USAE  Waterways  Exp  St 
ATTN:  Cem  &  Pozz  Group 
P  .  0 .  Box  6  31 


16  April  80 


WET 
24.5  . 

_ Ltl—i. 

2.0 


AA 


1  6,8  I 

;  2,i  ; 

I  I 


|  AA  j  I _ 

}T10->  |  Q.*27  _ _ _ 

MN2O3  1  0.31 _ 

P-,0^  !  0. 20  Colorme trie 


.rSS  ?n  On  ’’On  * 


-E*r  CF  hyqRATiOn.  to.  C-»l  G 


-CAT  0 e  26 C.  C*L 


Su«F*CE  AREA  SO  CM  c  I*  p  I 


CCMP  StbengTh,  0.  ®S* 


jT  BESOTm.  C.  PSi 


Tina,,  se  T.  -«  Mil 


jtoCw»,e  e<p  .  * 


THC  inEORmAT.on  G'wCN  in  This  REPORT  S«  a  k.  L  not  be  u  SC  D  in  ADVERTISING  OR  SALES  PROMOTION  TO  INOICATC  CiTmER  EXPLICITLY 
or  iMPulC :  TL  t  ENOONSEMfnT  Of  TmiS  PRODUCT  0  v  ThE  U.  S  GOVERNMENT 


W.  G.  MILLER 
Chemist 

Chief, Cement  &  Pozzolan  Group 


REPORT  OF  TEST  OF 
HYDRAULIC  CEMENT 

RC-834 


company:  Penn-Dixie 


from  structures  laboratory 

USAE  WATERWAYS  EXPERIMENT  STATION 
ATTN.  CEMENT  AND  POZZOLAN 
PO  BOX  631 

VICKSBURG,  MISSISSIPPI  39180-0631 


TONS  REPRESENTED: 


SPECIFICATION 


TEST  RESULTS  OF  THIS  SAMPLE  LOT 


SAMPLE  NO. 


test  report  noW£S-568-79 


date  30  Nov  79 


DATE  SAMPLED  11  QC t  79 


OMPLY  |  Ido  NOT  COMPLY  WITH  SPECIFICATION  LIMITS  (SEE  REMARKS) 


LOSS  ON  IGNITION.  % 


INSOLUBLE  RESIDUE.  % 


ALKALlES-TOTAL  AS  N*,0.  % 


HEAT  OF  HYDRATION.  7D.  CAL/G 


HEAT  OF  HYDRATION.  280  CAL/G 


(AP) 

urface  Area,  SO  CM /G 


AIR  CONTENT.  % 


COMP  STRENGTH.  3D  PSI 


comp,  strength.  7  d  PSI 


COMP.  STRENGTH.  28  D,  PSI 


FALSE  SET-PEN.  F/1.% 


SAMPLE  NO. 


AUTOCLAVE  EXP..  % 


initial  set.  Hr/min  _ 


REMARKS 


Job  No.  508-S530  &  S527.19SI41 


W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


THE  INFORMATION  GIVEN  IN  THIS  REPORT  SHALL  NOT  8E  USED  IN  ADVERTISING  OR  SALES  PROMOTION  TO 
INDICATE  EITHER  EXPL'CITLY  OR  IMPLICITLY  ENDORSEMENT  OF  THIS  PRODUCT  BY  THE  U.  S  GOVERNMENT. 


W»  ,  SEPR84  1540 


REPLACES  ENG  FORM  6008-R.  1  MAR  72.  WHICH  1$  OBSOLETE. 


f'-VA 

b:v 


ft 


Structures  L. 


REPORT  OF  TESTS 
ON'  FOE -01. AN 


import  No: 
Admixture  N'o  : 


Date : 


AD  505 


r~SC?,T?TT0N  :  Subb i tuninous  FI;/  Ash _ 

t  rc \TT0N:  Hat/thorne  Plant,  Kansas  Citv 

~  LOT'S / 7 5  I  103  NO:  545-C-530 


ntitious  Media 


CHEMICAL  COMPOSITION 


Acid  Soluble  Total  Alkali 


0.37 


0.20  I  1-93 


0.17 


EBB 


PHYSICAL  TESTS 


Fineness  _ 


HgjflflEill 


t  ion : 


roll  Cur  out  No  &  Tvpe: 


ave  Expansion,  20/,  Replacement,  % 
Volume 


Ho  t  ot  Nv:! r. a  i on  .  7  davs,  Cal/gn 
Hour  o:'  Uxdr.it  ion,  28  davs,  Cal/gm 


Artesia,  MS 


RC-688  I,  LA 


%  retained  on  325  Sieve 


e  =  0.416 


Citadel 


Birmingham,  AL 


i  ve 

St  renath  .  28  davs 

4530 

1  1290 

tronnth.  180  davs 


Compressive  Strenath.  365  davs 


■  -  Cement  Patio 


Flow 


’or./.ol.inic  Activity  Index,  ASTH  C618 
>'ith  Lime  Q  7  days  PSI  1790 

ith  Portland  Cement  (RC-688)  at  28  days  percent  of  Control  113 
Test  for  Pozzolan  Hydraulic  Activity 
Compressive  Strength  (PSI) 

W/C  3days  7days  28days 

0.417  55  70  160 


0 

30 

60 

67.7 

56.4 

46.3 

78.8 

65.4 

56.5 

1700 

1450 

730 

2510 

1880 

920 

4040 

2910 

1380 

EEHI 

5320 

2600 

5990 

6610 

4010 

6060 

4840 

BtffTffii 

0.485 

0.485 

W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


Report  Mo: 


Structures  Laboratory 
US/.L  l.'atcrvay s  Exp  St 
An:.’:  Con  A  Pozz  Test  Sr 

1>.  0.  Box  631 
Vicksburg,  HS  39180 


i’o:.::OLA::  class  : 


COMPANY  :  r  r  i  :i  i  t  v  it7en  Port) 


:  198o 


REPORT  OF  TESTS 
0M  POZZOLAN 


Brovn  Plant,  Fairfield,  TX 


10/6775  [ J0I3  XO:  543-0530 

at  it  ions  Media 


CHEMICAL  COMPOS ITIOM 


Cc/O- 


Ch] or id< 


lie  Gi  : v 


Sue  .'.tee  Area: 


2.56 


PHYSICAL  TESTS 


sqtn/rc,  porositv 


i  ted 


A  retained  on  JZ3  Sieve 


=  0.390 


0Z  ReMnee-.-ent ,  7,  0.01 


0 


He. it  of  iivilva 


SJiV^UAl^l 


ve  Strength.  23  davs  osi 


34.8 


96.5  85.4 


5320  I  4200 


5860 


Co~’ui  er.sive  Strength,  1  year  psi 


‘or  -  O  ear  Ratio 

0.485 

1  0.485 

1  0.485 

0 

>•/  7. 

111 

111 

110 

1 

Citadel 


RC-705 ,  II ,  LA,  HH 


0.09 


0.485  |  0.485 


Pozzolanic  Activity  Index,  ASTM  C618 
With  Line  3  7  days  PSI  1030 

With  Portland  Cerent  (RC-688)  at  28  days  percent  of  Control  88 
Test  for  Pozzolan  Hydraulic  Activity 
Compressive  Strength  (PS.I) 

W/C  3days  7days  28days 

0.433  30  fell  test 

apart  discontinued 


W.  C.  MILLER 
Chemist 

Chief,  Cement  6  Pozzolan  Test  Branch 


Structures  Laboratory 
US.LE  Watervnys  Exp  St 
ATT:j  :  Cer>  &  Pozz  Test  Br 
1*.  0.  Box  6  31 
VicV.sburg,  MS  391S0 


PHYSICAL  TESTS 


Fineness 


Specific  Gravity:  2.37 


Surface  Area:  7660  sqcn/cc,  porosity 


Tests  vrith  oortland  repent  cured  3  73.4  i  3°  F 


and  Cerent  Co. :  United 


Location 


Resea re]i  C 


Artesia.  MS 


RC-688 ,  I.  LA 


Autoclave  Expansion,  20%  Replacement,  % 


3 ,  Ce 


Compressive  Strength,  3  days  psi 


|  Compressive  Strength,  7  days  psi 


Cor nress  ive  Strength,  28  days  osi 


Compressive  Strength,  90  davs  nsi 


Ccnoressive  Strength,  180  days  psi 


Compressive  Strength,  1  year  psi 


Water  -  Cerent  Ratio 


Flow  % 


0.485 


111 


582CT 


6460 


0.485 


65 


3460 


4520 


0.485 


62 


Citadel 


Birmingham,  AL 


RC-705 ,  XI,  LA,  HH 


0.05 


1320 


1660 


2640 


4720 


5460 


6090 


0.485 


78 


0.485 


122 


Pozzolanic  Activity  Index,  ASTM  C618 
With  Lime  @  7  days  PSI  1080 

With  Portland  Cement  (RC-688)  at  28  days  percent  of  Control  80 

Test  for  Po2zolan  Hydraulic  Activity 
Compressive  Strength  (PSI) 

W/C  3days  7days  28days 
0.583  to  soft  to  test 


W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


Structures  Laboratory 
USAS  Waterways  Exp  St 
ATT'.' :  Cera  4  Pozc  Test 

I’.  0.  Box  631 
Vicksburg,  MS  391S0 


REPORT  OF  TESTS 
OX  POZZOLAN’ 


Report  eo 


Admixture  N'o  : 


AD  510 


DESCRIPTION.'  Lignite  Flv  Ash 


LOCATION:  Fergus  Fills,  MM 


POZZOLAN  CLASS:  C 


COMPART  :  Or  ter tail  Power 


no:  1985 


y.Z'.’O  SUBJECT:  Variations  in  Cementitious  Media 


CHEMICAL  COMPOSITION 


CaO 


Alkalies 


Na  ->0  X 


KtO  X 


Total  as  NalO  % 


23. 

.48 

16. 

,  36 

9. 

.08 

8. 

.43 

5. 

.31 

29 

.94 

WiBWgwqiiBRlW,l.M 

0.29 

1  LOT. ,  X  ( 750°C)  i 

1.14 

Water 


0 


0 


0 


So  ruble 


.63 


.05 


.66 


Acid  Soluble 


2.51 


0.25 


Total  Alkali 


3.28 


0.39 


3.54 


Specific  Gravitv:  2.75 


Surface  Area:  8750 


■m.'mJBIhH 


Location : 


nt  Mo  &  Tvpe 


Autoclave  Etroansion,  20%  Replacement 


PHYSICAL  TESTS 


Fineness 


sqcm/cc,  porosity 


F 


United 


Artesia.  MS 


RC-683 ,  I,  LA 


■nt,  %  0.12 


Sieve 


e=  0.460 


Citadel 


Birmingham,  AL 


RC-705,  II,  LA,  HH 


Heat  of  Hydration,  28  davs,  Cal/gn 


Compressive  Strength,  3  days  psi 


Compressive  Screneth,  28  davs  osi 


•essive  Strength,  90  davs  osi 


Compressive  Strength,  180  days 


Compressive  Strength,  1  • 


Water  -  Cement  Ratio 


Flov  X 


0.485 


111 


30 


82 


90 


2710 


3650 


4920 


5460 


6260 


5840 


0.485 


Pozzolanic  Activity  Index,  ASTM  C618 
With  Lime  <?  7  days  PSI  1500 

With  Portland  Cement  (RC-688)  at  28  days  percent  of  Control  85 

Test  for  Pozzolan  Hydraulic  Activity 
Compressive  Strength  (P5I) 

W/C  3days  7days  28days 

0.450  1340  1950  28b0 


W.  C.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


Report  No: 


REPORT  OF  TESTS 
ON  POXZOI.AN 


Acini  /.Lure  No: 


AD  511 


GA  (Plant  Bowen 


NO:  545-0-530 


in  Cementitious  Media 


%  (750"C) 


1, 01 ,  %  (1000°C 


TiO? 


Chloride  % 


Water  Solubl 


0.02 


3 


Available  C C— 6 1 8 31  Acid  Soluble 


0.1 


0.88  0.36 


0.72  0.30 


Total  Alkali 


0.3 


at  No  &  Tvpo: 


Fineness:  %  retained  on  325  Sieve 


sqcn/cc ,  porosity  e=  0.463 


at  erred  0  73.4  ±  3°  F 


Citadel 


Artesia.  MS  II  Birninaham.  AL 


a:  RC-6«« 


ive  Screneth,  28  davs  osi 


ive  Strenpl h  .  90  d 


ive  Strength,  180  da  s  psi 


Cement  Ratio 


0.485 


111 


30 


68 


83 


1900 


2650 


3830 


5390 


587.0 


5140 


0.485 


ivity  Index,  ASTM  Cblo 
days  PSI  1020 

Cement  (RC-688)  at  28  days  percent 


3750 


4870 


0.485 


RC- 705 ,  II,  LA,  HH 


0.485 


122 


30 

55 

39’  .  1 

68 

45 

1200 

620  ! 

1560 

760  1 

2600 

1420  ! 

4850 

2740 

5480 

3670 

6400 

4260 

0.485 

0.485 

96 

79 

W 

Cl 

Cl 


•Lures  Lib 
Waterways 
:  Ce.n  &  P. 

.  Cox  631 
;  h  u  r  3 ,  NS 


Cl  ASS 


I  ov.i 


>  r.i  t  ory 
Exp  Sr 
a;:::  Test  Br 


REPORT  OP  TESTS 
Oil  POZZOLAN 


Report  Wo 


admixture  r«o  . 


AD  512 


DESCRl  f  riON:  Sul:b  ltuminous  Hy  Asa 


Public  Service  |  LOCATION:  Sioux  City 


10/ b/ 75 


in  Consent  it  ions  Media 


ms 


1.75 


20.  32 


'..'a  ter 


0 


0 


0 


CHEMICAL  COMPOSITION 


loisture  Content  4  0.21 


1.0 1,  %  ( 750°C)  |  1.14 


1.01 ,  %  ( 1000°C 


% 


Chloride  % 


Soluble  I  Available  (C— 618 


00  0.23 


00  I  0.77 


.00  0.74 


Acid  Soluble 


Total  Alkali 


Specific  Gravitv:  2.58 


Surface  Area :  12830 


PHYSICAL  TESTS 


Fineness 


sqc.m/cc ,  porosity 


/.  retained  on 


cre-it  No  6  Tvoe: 

RC-688.  I,  LA  j 

r 

RC-705 ,  II,  LA,  HH 

Tests  with  oortlnnd  cement  cured  P  73.4 


and  Cor«nt  Co 


Location:  7 


Research  C 


Autoclave  Expansion,  20%  Replacement ,  % 


%  Replace  of  Cement  by  Volume 


Heat  of  Hydration 


Heat  of  Hydration,  28  days,  Cal/gm 


|  Compressive  Strength,  3  da> 


iressive  strength. 


I  Co:  'brass  ive  Strength,  28  days  osi _ 


I  I'o-in re ss i ye  Strength.  90  davs  osi 


Cennressive  Strength.  180  davs 


Compressive  Strength,  1  year  psi  _ 


-  Cement  Ratio 


Flov;  7. 


United 


Artesia.  MS 


0.08 


0 


84.8 


96.5 


2880 


4080 


5320 


0.485 


111 


30 


74 


86 


2330 


3190 


4760 


6360 


7450 


7810 


0.465 


114 


0.485 


13 


Citadel 


Birmingham,  AL 


6900 


0.461 


120 


Pozzolanic  Activity  Index,  ASTM  C618 
With  Lime  @  7  days  PSI  1750 

With  Portland  Cement  (RC-688)  at  28  days  percent  of  Control  111 

Test  for  Pozzolan  Hydraulic  Activity 
Compressive  Strength  (PSI) 

W/C  3days  7days  28days 
0.400  75  20  fell  apart 


W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


12,790 


PHYSICAL  TESTS 


Fineness 


sqr.n/cc,  poro: 


i<-j  Sieve 


"e -e.-  -  -n  Ce-  Ho  i  Tvne: 


Aut  c  _•  1  avc 


I’n  i  ted 


Arms  i  i  .  :is 


RC-G-’S.  I.  LA 


Ci  tar.  a  1 


RC- 705 ,  II,  LA, 


0.08 


Report  No : 


Structures  Laboratory 
USAS  Waterways  Exp  St 
ATTN :  Cen  &  Pozz  Test  Br 

P.  0.  Box  631 
Vicksburg,  MS  39180 


RKPORT  OF  TESTS 
ON  POZZOI.AN 


Admixture  Mo: 


AD  516 


P0ZZ0LAN  CLASS 


COMPANY :  Dundee _ 


NEMO  NO:  1985 


MEMO  SUBJECT:  Variations  in  Cementitious 


LOCATION : 


10/6/  /  5 


Dundee  .  MI 


Alkalies 


NaoO  % 


K'jO  7. 


Total  as  Na?0  % 


60.49 


13. 34 


1.12 


0.34 


6.68 


Water  Soluble 


CHEMICAL  COMPOSITION 


Moisture  Content 


LOI ,  %  ( 750°C) 


%  (1000°C 


TiO?  % 


% 


% 


Available  C C—  618 


2 


0.74 


1.41 


Acid  Soluble 


0.40 


0.15 


Total  Alkali 


2. 


Specific  Gravitv:  2.49 


Surface  Area:  15,000 


Tests  with  nortland  cement  cured 


Port  land 


Location : 


Research  C 


Autoclave  Expansion,  20%  Replace 


%  Replace  of  Cement  by  Volume 


Heat  of  Hydration,  23  days,  Cal/ 


PHYSICAL  TESTS 


Fineness: 


sqcm/cc,  porosity 


cured  0  73.4  ±  3°  F 


Arteoia , 


%  retained  on  325  Sieve 


e= 


Citadel 


Birmingham,  AL 


nt  No  4  Tvpe: 

:  RC-688.  I .  LA  ! 

RC-705 ,  II,  LA,  HH 

Compressive 

Strength , 

3  days  psi 

Compressive 

Strength , 

7  days  psi 

Compressive 

Strength , 

28  days  osi 

Compressive 

S  t  re  n  p  t  h  . 

90  dsvs  osi 

Connressive 

Strength , 

180  days  psi 

Compressive 

Strength , 

1  year  psi 

Cement  Patio 


Flo:;  % 


1»I»3 


rtpurt  rip  tksts 


Report  No: 
Admixture  No: 


Structures  Laboratory 

USAE  Waterways  F.:<p  St 

ATT:! :  Cen  6  Pozz  Test  Br 

P.  0.  Box  631 

Vicksburg,  MS  39180 

REPORT  OF  TESTS 

ON  POZZOLAN 

Report  Mo: 

Admixture  No: 

AD  518 

Date  : 

r0Z7.0I.AN  CLASS:  N 

DESCRIPTION:  Natural 

COMPANY :  Superior  Prod 

LOCATION:  Halleluiah  Junction,  CA 

NEMO  NO:  1985  |DATE :  10/6/75  |J0B  NO:  545-C-530 

M.A'O  SUBJECT:  Variations  in  Cementitious  Media 

CHEMICAL  COMPOSITION 

SiO?  % 

67.98 

1.37 

AlpOT  % 

17.40 

LOI ,  %  (750"C) 

1.58 

Chloride  % 

1 

E'iP  3  % 

5.49 

L0I ,  %  (1000°C) 

0.80 

ElEflHHHn 

1  so-*  % 

0.88 

PpOs  % 

2.28 

|  Alkali cs 

Water  Soluble 

Acid  Soluble 

Total  Alkali 

Nn  ?0 

7. 

0.02 

0.18 

0.16 

2.11 

K?0 

7. 

0.00 

0.26 

0.19 

1.59 

Total  as 

Na?0  7, 

0.02 

0.35 

0.28 

3.16 

PHYSICAL  TESTS 

Specific 

Gravitv 

: 

2.39 

r 

Fineness:  % 

retained  on  3 Z'j  Sieve 

Surface 

Area  : 

26 

.760 

sqcm/cc,  porosity 

e=  0.668 

Tests  with  port-land  ce~-1Pt  cre~o<i  3  73.4  -  3°  F 


Un i ted 

Citadel 

Location : 

Artes i a 

.  MS 

Birmingham,  AL 

RC-688. 

I.  LA 

RC- 705  , 

II,  LA, 

HI 

Autoclave  Expansion,  20%  Replacement, 

7-  0.03 

0.06 

%  Replace  of  C-'-r.'.ent  by  Volume 

o 

30 

60 

0 

30 

60 

75 

59 

67.7 

60 

46 

Heat  of  Hydration,  28  days,  Cal/gm 

86 

.68 

78.8 

72 

61 

Compressive  Strength,  3  days  psi 

2880 

2710 

1120 

1 7C0 

1710 

920 

Compressive  Strength,  7  days  psi 

4080 

3920 

1880 

2510 

Compressive  Strength.  28  davs  osi 

ItW 

6050 

4010 

4040 

4930 

KBHiM 

6780 

wmm 

5760 

■aw 

■ebbs 

73-30 

7240 

5990 

Hgm 

5380 

Compressive  Strength,  1  year  psi 

7690 

aw 

5880 

5460 

Water  -  Cement  Patio 

0.485 

0.485 

wm mm 

0.485 

0.485 

Flow  % 

111 

51 

-40 

122 

62 

a* 

Pozzolanic  Activity  Index,  ASTM  C618 
With  Lime  @  7  days  PSI  I960 

With  Portland  Cement  (RC-688)  at  28  days  percent  of  Control  98 


W.  C.  MILLER 
Chemist 

Chief,  Cement  &  Pozzo’nn  Test  Branch 


10/6/75 


JOB  N'O:  545-C-530 


MEMO  SUBJECT:  Variations  in  Cementitious  Media 


CHEMICAL  COMPOS ITIOM 


LOT,  %  (750“C) 


LOI ,  /  (I000°C) 


’  Snec i  f  ic  Cravi t 


Available  (C-618) 


0.06 


0.03 


_  0.08 


PHYSICAL  TESTS 


Fineness 


%  retained  on  325  Sieve 


e 


Tests  with  Portland  cement  cured  @  73.4  ±  3°F 


Portland  Cement  Co:  United 


^Location:  Artesia,  MS 


Autoclave  Expansion,  20%  Replacement,  7. 


4  Replace  of  Cement  by  Volume _ 

Heat  of  Hydration ,  7  days ,  Cn 1 / gm 


Compressive  Strength.  3  days 


Compressive  Streneth.  7  days 


Conprcs: 


Compressive  Streneth.  90  days  r 


Compressive  Streneth.  180  days 


Compressive  Streneth,  365  days 


Water  -  Cement  Ratio 

0.485 

Flow 

111 

*  1  day  strength 

Lime  Pozzolan  strength,  360  Ml  H20,  Flow  99%  1170  PSI 


W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


V.vV.'.'-'aV-V.'.nV. 


Structures  Laboratory 
USAS  Waterways  Exp  St 
ATT  I :  Cem  &  Pozz  Test  Br 
P.  0.  Box  631 
Vicksburg,  MS  39180 


REPORT  OF  TESTS 
ON  POZZOI.AN 


Report  No: 


Admixture  No: 


Date : 


AD5  36 (2 ) 


DESCRIPTION':  Amorphous  Silica  Spheres 


LOCATION:  Sheffield,  AL 


MEMO  NO:  19S5  I  DATE:  10/6/75  JOB  NO:  545-C-530 


MEMO  SUBJECT:  Variations  in  Cementitious  Media 


ijj&affijaBHg&aH 

■3E9S1BI13 


CHEMICAL  COMPOSITION 


93.90 


0.70 


0.00 


1.20 


0.20 


0.78 


Moisture  Content  % 

0.  38 

LOI ,  %  ( 750UC) 

0.99 

i.or,  %  (iooo°c) 

1  .16 

Ti09  % 

P105  % 

IESEEmHHHKS 

0.00 

PHYSICAL  TESTS 


Fi  nenf” 


Specific  Cravitv:  2.22 


.  Tests  with  port  land  cement  cured  0  7  3.4  ±  l^F 
I  Portland  Cement  Co:  United 


Location:  Artosia,  MS 


I  Research  Cement  No  6  Type:  RC--638  (3’>  1.  LA 


/  Replace  of  Cement  by  Volume 


!  Compressive  Strength.  3  davs 


Compr' 


Compressive  Strength.  28  dav 


Compress  i.vc  Strength.  90  davs  psi 


Compressive  Strength,  365  days 


Water  -  Cement  Ratio 


Flow 


24  30 


3890  11 7 50 


7030  4210 


8870  I  4890 


8990 


8830 


1  700 

11  bO 

450 

2  s  U1 

MW 

2120 

4  0  4  0 

5480 

3650 

5  760 

1.740 

40  30 

5950 

o"ri.!0 

.<580 

Lime-Pozzolan  Strength  cured  24  hrs  5  73.4  i  3°F,  6  d  ys  @  130—  3°F:  1870  psi  200gra 

pozz  +  100  gm  lime  6  375ml  H2O,  Flow  88. 

Pozzolanic  Activity  Index,  ASTM  C618 

With  Portland  Cement  (RC-688)  at  28  days  percent  of  Control  145 


W.  G.  MILLER 
Chemist 

Chief,  Cement  (•  Pozzolan  Test  Branch 


.  *  .  *>  »  ■  - 
•  •  -  S.1TV 


^CORRECTED  COPY 


LABORATORY 

Structures  Laboratory 
USA £  Waterways  Exp  St 
ATTN:  Cem  £.  Pozz  Group 
P.0.  Box  631 
Vicksburg,  MS  39180 


REPORT  OF  TESTS 
ON  POZZOLAN 

SS-C-1960/5 
AD-5  36 (3) 


WES-178-80 


o*te.  29  May  80 


Silica  Fume 


source:  Reynolds  Metal  Co.,  Listerhill.  AL 


TEST  RESULTS  OF  THIS  SAMPLE  LOT  Q  COMPLY  Q  DO  NOT  COMPLY  WITH  S°  E.C  I F  1C  A  7  IC*J  LIMITS  ISCE  REMARKS* 


FOR  USE  AT:  _ 


CONTRACT  NO 


DISTRICT!*!: 


SAmPlEO  BY:  j  °ATt  SAMPLED: 


CAR  NO- 


FIELD  SAMPLE  NO.: 


oate  receivco  23  April  80 


TesTco  by:  Cement  &  Pozzolan  Group 


TESTS  ON  COMPOSITE  OF  ThE  IOO-TQn  SAMPLES  LISTED  BELOW 


lab  Sample 


LAB  JOB  NO. 


CHECKED  BY: 


MfO 

SO, 

AVAILABLE 

POZ  ZOLAN 

INCREASE  IN 

AUTOCLAVE 

ALKALIES 

strength 

SHRINKAGE 

EXPANSION 

% 

% 

_ ! _ 

T.  CONTROL 

_ 

% 

REQUIREMENTS 


MAX  1 . 50  |  MIN  ?S 


TEST  RESULTS 


0.10  140 


TESTS  CN  SAMPLES  REPRESENTING  ’OO  TONS  OR  LESS 


Finen 
325  M 
Sieve 
Retai 


MAX  MAX 

34  5 


TEST  RESULTS 


Air  Permeability  Fineness  42550  Sq  CM7CC 


Si02 


A1203 


Total  Alkali  by  |LiB02  fiision 


Na2 


K20  1  0.43 


Total  asl  Na20  I  0.50 


(•)  APPLICABLE  Only  TO  CLASS  I 
lb!  OPTIONAL  REQUIREMENT 


LABORATORY  CEMENT  USED 
LABORATORY  LIME  USED 


emscone 


REMARK*  _ 

NOTE:  Pozzolanic  Strength  ///^})  K  . 

Control  W/C  0.484,  flow  114%  (/^  'S' 

Test  mix  W/C  0.528,  flow  64%  1*  !  " 

’  Chemist 

_  Chief.  Cement  &  Pozzolan  Grou 


NOTE  The  INFORMATION  GIVEN  IN  THIS  REPORT  SHALL  NOT  BE  USED  IN  ADVERTISING  OR  SALES  PROMOTION  TO  INDICATE  EITHER 

Explicitly  or  implicitly  endorsement  of  this  proouct  by  the  u  s  government. 


S  V  V" 


REPORT  01-  TESTS 
ON  rOZZOLAN 


Report  No: 


'■'JS-211S-82 


Structures  Laboratory 
USAE  Watervays  Exp  St 
ATTN:  Cem  &  Pozz  Test  Br 
P.  0.  Box  631 
Vicksburg,  MS  39180 


POZZOLAN  CLASS: _ _ 

COMPANY:  Reynolds  Metals 

MEMO  NO:  _ 

MEMO  SUBJECT: _ 


|  DESCRIPTION:  silica  Fume- 


Co  |  LOCATION 
|DATE: 


Richmond,  VA 
jJ0¥ 


NO: 


Admixture  No: 

AD  536(A) 


Date  : 

24  June  82 


C See ( 1) below  ) _ 

_  4 A 1-S866 . 12SC5 1 


CHEMICAL  COMPOSITION 


SiO?  X 

95.80 

Moisture  Content  % 

0.30 

CrpOg  % 

AlpOq  % 

1.11 

LOI ,  X  ( 750°C) 

1.27 

Chloride  Z 

Fe„0->  % 

0.11 

LOI ,  %  (1000°C) 

MgO  % 

0.06 

TiO?  X 

SOq  % 

0.11 

P';0s  X 

CaO  % 

0.24 

KnpOq  X 

Alkalies 

Water  Soluble 

Available  ( C—  6 1 8 Acid  Soluble 

Total  Alkali 

Na?0  X 

.  1 

Jn22 _ % _ 

1 

Total  as  Na?0  % 

1 

_ PHYSICAL  TESTS _ _ 

Specific  Gravity;  2,21  I  Fineness:  14  X  retained  on  325  Sieve 

Surface  Area:  21000~~  sqcm/cc,  porosity  e=  0.720  (see  (2)  beloviT 


Tests  oith  Portland  cement  cured  @  73.4  -  3°  F 


Portland  Cc^ort  Co.:  Medusa 

) 

L  tion :  Clinchfield,  GA 

Cerent  No  &  Tvpet  SAS-423-82,  II,  LA,  HH 

Autoclave  Expansion,  20%  Replacement,  X  0.00 

•  Pppl no>"ont  of  Cerent  bv  Volume 

0 

30 

60 

0 

35 

X~oi. 

Heat  of  Hvdration,  7  days,  Cal/gn 

Control 

Control 

Heat  of  Hydration,  28  days,  Cal/gm 

Compressive  Strength,  7  days.psi 

(Lime-Po: 

zolan  AS 

:M  C-311I 

1840 

Compressive  Strength, 28  aays.psi 

(cured  @ 

lOO^F) 

n 

5340 

6350 

118 

Comnressive  Strength,  days  ,osi 

Water  Re< 

uirement 

,  X  of  Cc 

trol:  122 

Compressive  Strength.  90  davs.osi 

Conoressive  Strength,  180  days,psi 

Compressive  Strength,  1  year.psi 

Water  -  Cement  Ratio 

Flov;  % 

! 

(1)  Reynolds  Chemicals  Amorphous  Silica,  RS-1  (6-50  lbs.  bags) Sheffield ,  Alabama  Plant. 

(2)  e=0. 703,  SA  34900  cra1 2/cc 
e=0.710,  SA  30400  cm2/cc 


F(>3 


Structures  Laboratory 
USAE  Waterways  Exp  St 
ATTN:  Cem  &  Pozz  Test  Br 
P.  0.  Box  631 
Vicksburg,  MS  391S0 


REPORT  OF  TESTS 
ON  POZZOLAN 


Report  No: 


Admixture  No: 


AD  537 


POZZOLAN  CLASS:  I  DESCRIPTION:  Sla 


COMPANY:  Wvandotte  Cement  1  LOCATION:  Wyandotte,  MI 


MEMO  NO: 


MEMO  SUBJECT:  Variations  in  Cementitious  Media 


JOB  MO:  545-C-530 


r:  a  1  i  e  s  X 


::t>o  % 


_K  2Q _ _ 

Total  as  Na?0* 


CHEMICAL  COMPOSITION 


38.65  Moisture  Content  X 


14.78  !  I  TiOo 


0.03 


33.47 


Water  Soluh 1  e _ 

0.01 


Ch  loride 


Insol.  Resideue,  %  0.71 


Acid  Soluble  Total  Alkali 


PHYSICAL  TESTS 


Fineness 


7~  retained  on  325  Sieve 


Portland  Cement  Co: 


Location : 


Research  Cement  No  6  Ty 


! 

Autoclave  Expansion,  20%  Replacement,  %  II 

! 

X  Replace  of  Cement  bv  Volume  i 

r  o 

30 

60 

Heat  of  Hydration,  28  days,  Cal/gm 


Ce-inressive  Strength,  28  dav: 


days 


ressive  Strength.  180  dnvs 


Conpressive  Strength,  365  days 


Water  -  Cement  Ratio 


Flow 


W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


Report  No: 


Structures  Laboratory 
j  USAE  Waterways  Exp  St 
ATT!:  Cer.i  S  Pozz  Test  Br 

i  P.  0.  Box  631 
i  Vicksburg,  MS  39180 


REPORT  OF  TESTS 
ON  POZZOLAN 


Admixture  No: 


AD  541 


imiWMUWWMIBBd 


DESCRIPTION:  Silica  Fume 


COMPANY  Ohio  Ferrn-Al  levs  CorpLQCATION  : _ Powhnton,  Ohio _ 

NEMO  NO: _ 1985  ~  [DATE:  10/6/75 _ |  JOB  NO:  545-C-530 

MEMO  SUBJECT:  Variations  in  Cementitious  Media 


S  iOa  % 


% 


95.22 


0.27 


9.35 


0.26 


0.06 


0.  34 


Water  Soluble 


CHEMICAL  COMPOSITION 


Moisture  Content  %  |  0.24 


L0I ,  %  ( 7  50°C) 


L0I ,  %  (1000°C) 


% 


PHYSICAL  TESTS 


Fineness 


s 


%  retained  on  325  Sieve 


=  0.727 


Loc  it  ion : 


Research  Cement  No  &  Evn-' 


rent,  % 


RC-688(3) 


X  Res  lacs  of  Cement  bv  Volume 


Comoressive  Strength.  28  davs  DSi 


Compressive  Strength,  365  davs 


Water  -  Cement  Ratio 


Flow 


2950 

1360  * 

4  390 

3020 

6030 

5360 

6550 

6680 

7230 

7010 

6790 

7000 

0.485 

0.601 

114 

62 

*  2  day  comp  strength 

Lime  Pozzolan  Compressive  Strength,  365  ml  H2O,  Flow  84%  1970  psi. 


W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


Structures  Laboratory 

Keport  iNo: 

USAE  Waterways  Exp  St 

REPORT  OF  TESTS 

Admixture  No: 

ATTN:  Com  4  Pozz  Test  Br 

ON  POZZOLAN 

AD  542 

P.  0.  Box  631 

Vicksburg,  MS  39180 

Date  : 

POZZOLAN  CLASS:  I  DESCRIPTION  :  Silica  Fume 


COMPANY: Ohio  Ferro  Allovs  CoihOCATION :  Philo.  Ohio _ 


MEMO  NO:  1985  I  DATE:  10/6/75  _ j  JOB  NO: 


MEMO  SUBJECT:  Variations  in  Cementitious  Media 


545-C-530 


Alkalies  X 


X 


X 


Total  as  NaaO% 


Water  Soluble 


CHEMICAL  COMPOSITION 


Moisture  Content  4 


LOI .  X  (750  C 


LOI ,  X  (1000  C 


% 


% 


% 


Available  (C-618) 


0. 14 


0.16 


.25 


Chloride 


Acid  Soluble 


0.14 


0.18 


C .  26 


Total  Alkali 


0.72 


Specific  Gravity:  2.30 


PHYSICAL  TESTS 


Fineness 


I  Tests  with  oortland  cement  cured  @  73.4  +  3  F 


Portland  Cement  Co:  United  Cement 


Location:  Antes ia.  MS _ 


Re  sea  roll  Cement  No  &  Type:  RC-688  ( 3 


Autoclave  Expansion,  20%  Replacement,  % 


1  /.  Replace  of  Cement  by  Volume 


I  Heat  of  Hydration.  7  days,  Cal  / gn 


Heat  of  Hydration,  28  days,  Cal/gm 


Comoro 


treneth.  7  d,- 


Comoressivc  Strength.  28  days 


Compressive  Strength.  180  days 

i 

Compressive  Strength.  365  days 

I  Water  -  Cement  Ratio 


Flow 


%  retained  on  325  Sieve 


e  =  0.762 


Citadel 


Birmingham,  AI, 


RC-705,  IT,  LA,  H1I 


1700 

1370 

2510 

2690 

4040 

5070 

5760 

6320 

5990 

6670 

I8S3 

mmu\ 

IwKull 

|  122 

_ Z6l 

Lime-Pozzolan  Strength 

385ml  H20 

88%  Flow  850 

psi 

W.  G.  MILLER 
Chemist 

Chief,  Cement  & 

Pozzolan  Test  Branch 

Report  Wo  : 


Structures  Laboratory 
USAE  Waterways  Exp  St 
ATTN:  Cem  &  Pozz  Test  Br 
P.  0.  Box  631 
Vicksburg,  MS  39180 


REPORT  OF  TESTS 
ON  POZZOLAN 


I  Admixture  No: 


AD  54  3 


POZZOLAN  CLASS 


'  COMPANY  ?• 


MEMO  SUBJECT: 


DESCRIPTION:  Silica  Fume 


lurgica 


DATE :  10/6/75  I  JOB  NO 


Variations  in  Cementitious  Media 


545-C-530 


CaO 


Alkalies  X 


Na20  X 


CHEMICAL  COMPOSITION 


92.62  I  I  Moisture  Content  X  0.20 


_ X _ 

0-62  | 

1  LOI .  %  (750  Cl  1 

2.71 

Chloride 

0.27 


0.23 


0.09 


0.32 


Water  Soluble 


Total  as  NaoO% 


Available  (C-618) 

Acid  Soluble 

Total  Alkali 

0.05 

0.06 

0.13 

0.05 

0.08 

0.32 

0.08 

0.11 

0.34 

PHYSICAL  TESTS 


Fineness 


Tests  with  Portland  cement  cured  @  73.4 


Portland  Cement  Co: 


Location: 


Research  Cement  No  4  Type 


%  retained  on  325  Sieve 


9 


Autoclave  Expansion,  20%  Replacement 

,  z 

_ . _ 

%  Replace  of  Cement  by  Volume 

Lo _  I 

1  30 

Heat  of  Hydration,  7  days,  Cal/era 


Compressive 

Strength . 

3 

days 

osi 

Compressive 

Strength . 

7 

days 

psi 

Compressive  Strength.  28  days 


days 


Compressive  Strength.  180  days 


Compressive  Strength,  365  days  psi 


Water  -  Cement  Ratio 


Flow 


Structures  Laboratory 
USAE  Waterways  Exp  St 
ATTN:  Cem  £>  Pots  Test  Br 
P.  0.  Box  631 
Vicksburg,  MS  39 ISO 


P02Z0LAN  CLASS  : _ |  DESCRIPT 

COMPANY :  H.-inn  i  Mia  in.:  f.-.  I  LOCATION 
MEMO  NO:  loss  I  DATE:  10/6 


MEMO  SUBJECT:  Variations  in  Ctnentitiou 


_  CH F.MTCAL  COMPOSIT ION 

90.10  II  Moisture  Content 


1.72  I  LOT.  % 


LOT.  %  (1000  C 


% 


MeO  X 


X 


CaO  X 


Alkalies  X 


X 


K?0  X 


Total  as  NaaOX 


X  0.11 


Water  Soluble  | Avail able  (C-618)  Acid  Soluble  | Total 


0.10 


Alkali 


29 


55 


65 


PHYSICAL  TESTS 


Fineness 


Soecific  Gravity:  2.28 


3  F 


Portland  Cerent  Co:  United 


Location:  Artesia.  MS 


Research  Cement  No  &  Type:  RC-688H 


tructures  I.aborator 
SAE  Waterways  Exp  S 
— Cera  h  Pozz  Tes 
Box  631 


REPORT  OF  TESTS 
OH  POZZOLAN 


lAdmixture  Ho: 


AD  544(98) 


POZZOLAN  CLASS: 


DESCRIPTION:  Silica  Fun-e 


Wenatchee,  WA 


MEMO  SUBJECT:  Variations  in  Cementitious  Media 


JOB  NO:  545-C-530 


2 


CaO  2 


Alkalies  % 


% 


KaO 


CHEMICAL  COMPOSITION 


Moisture  Content  % 


0.00 


Water  Soluble  [Available  (C-618)  Acid  Soluble 


0.07 


0.12 


Total  Alkali 


0. 


0.34 


REPORT  0!'  TESTS 
0?;  PO/.EOLAN 


Admixture  Mo: 


AD  545 

Date : 


_ 

i 

DESCRIPTION: 

Silica  Fume 

LOCATION: 

Rockuood.  TN 

\T 

•:  10/6/75 

I  JOB  NO : 

545-C-530 

in 

Cementitious 

Media 

i 

! _ _  CHEMICAL  COMPOSITION _  _ > _ 

i  SiO?  %  I  42.61  I  |  Moisture  Content  %  1  0-71  I  I  CrPOs  %  |  0-02 


1  F 

BOB 

% 

mmm 

1  LOI .  %  11000  C 

> _ 

9.14 

I  CaO  % 


I  Alkalies  % 


I  KaO  % 


l  Total  as  NaaOX 


Water  Soluble 


Available  (C-618) 

Acid  Soluble 

0.  75 

1.00 

4.54 

6.13 

Total  Alkali 


1.14 


7.44 


3 


Specific  Gravity:  2.79 


PHYSICAL  TESTS 


Fineness 


Portland  Cement  Co 


Location : 


Research  Cement  No  &  T- 


Autoclave  Expansion,  20%  Replacement,  % 


%  Replace  of  Cement  by  Volume _ |  0 


Heat  of  Hydration.  7  days.  Cal/gm 


Heat  of  -  Hydration ,  28  days,  Cal/gm 


Compressive  Strength.  3  days 


Compressive  Strength.  7  davs 


Compressive  Strength.  28  davs 


Compressive  Strength .  90  days 


Compressive  Strength.  180  davs 


Compressive  Strength.  365  days 


Water  -  Cement  Ratio 


Flow 


%  retained  on  325  Sieve 


e 


Lime  Pozz 

Comp  Str 

240ml  H20 

Flow  111%  510  psi 

W.  G.  MILLER 

Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 

Structures  Laboratory 

USAE  Waterways  Exp  St 

ATTN :  Cem  &  Pozz  Test  Br 

P.  0.  Box  631 

Vicksburg,  MS  39180 

REPORT  QF  TESTS 

ON  POZZOLAN 

Report  No: 

Admixture  No: 

AD  566 

Date : 

POZZOLAN  CLASS: 

DESCRIPTION:  Silica  Fume 

COMPANY :  Foote  Mineral 

LOCATION:  New  Haven.  WV 

MEMO.  NO:  1  98?  I  DATE :  10/6/75  I  JOB  NO:  545-C-530~ 

MEMO  SUBJECT:  Variations  in  Cementitious  Media 


CHEMICAL  COMPOSITION 


SiO?  % 

73.73 

Moisture  Content  % 

0.00 

CrpOA  % 

0.04. 

Alaos  % 

3.98 

LOI .  %  (750  C) 

1.01 

Chloride  % 

0.06 

FapJ  % 

13.87 

LOI .  %  (1000  C ) 

2.34 

MeO  % 

_ 3.84 

TiO?  % 

1  R9 

mmtm\ 

CaO  % 

WKKfWm 

0.85  1 

Alkalies  % 

Water  Soluble  lAvailable  (C-618) 

Total  Alkali 

Na20  % 

1  0.15 

mmmwmmm 

0.44 

K70  % 

i  0.20 

0.22 

1.17 

Total  as  Na?0% 

!  0.28 

£LJ16 

1.21 

PHYSICAL  TESTS 


Specific  Cravicy:  2.49 


F  ineness 


%  retained  on  325  Sieve 


Surface  Area : 


sqcm/cc.  porosity 


Portland  Cement  Co: 

Location: 

Research  Cement  No  &  Type: 

Autoclave  Expansion,  20%  Replacement,  7. 

%  Replace  of  Cement  by  Volume 

0 

30 

60 

0 

30 

60 

Heat  of  Hydration,  7  days,  Cal/gm 

Heat  of  Hydration,  28  days,  Cal/gm 

Compressive  Strength.  3  davs  nsi 

Compressive  Strength.  7  davs  psi 

Compressive  Strength.  23  davs  psi 

Compressive  Strength.  c0  davs  psi 

- 

Compressive  Strength.  l.,3  davs  psi 

Compressive  Strength.  365  days  psi 

.  ... 

Water  -  Cement  Ratio 

Flow 

Lime-Pozz  Comp  Str 


350ml  H20 


112%  Flow  1320  psl 


W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


F76 


Structures  Laboratory 
USAE  Waterways  Exp  St 
ATTN:  Cem  6  Pozz  Test  Br 
P.  0.  Box  631 
Vicksburg,  MS  39180 


REPORT  OF  TESTS 
ON  POZZOLAN 


Report  No: 


Admixture  No: 


AD  548 


I  POZZOLAN  CLASS: 


DESCRIPTION: Silica  Fume 


JOB  NO:  545-C-5 30 


MEMO  NO: 


MEMO  SUBJECT:  Variations  in  Cementitious  Media 


CHEMICAL  COMPOSITION 


Moisture  Content  %  I  0.42 


2.04 


2.37 


% 


% 


%  I  0.23 


!  Alkalies  % 


i  Total  as  Na  00% 


Water  Soluble  lAvailable  (C-618)  Acid  Soluble  Total  Alkali 


Specific  Cravitv:  2.37 


PHYSICAL  TESTS 


F ineness 


%  retained  on  325  Sieve 


e  =  0.711 


Tests  with  Portland  cement  cured  Q  73.4 


Portland  Cement  Co:  unite 


Location:  Artesia,  MS 


Research  Cement  No  &  Type: _ RC-68S(3).  II.  LA 

Autoclave  Expansion,  20%  Replacement,  X  _ 


4  Replace  of  Cement  by  Volume  10  1  30  I  60 


Heat  of  Hydration,  28  days,  Cal/gm 


Compressive  Strength,  3  davs 


Compressive  Strength.  28  days 


Compressive  Strength.  90  days 


Compressive  Strength.  180  days 


Water  -  Cement  Ratio 


Flow 


Compressive  Strength,  365  days 


2950* 


4  390 


6030 


6550 


72  30 


6790 


0.485 


114 


2  360 


2730 


5450 


6990 


6750 


6970 


0.602 


83 


Citadel 


RC- 705 ,  II,  LA,  HH 


0.485 

0.602 

122 

96 

Lime-Pozz 

*  4  day  compressive  strength 


375ml  H20 


964  Flow  1790  psi 


W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


Structures  Laboratory 
USAE  Waterways  Exp  St 
ATT:.':  Com  &  Pozz  Test  Br 
p .  0.  Box  631 
Vicksburg,  MS  391 PO 


REPORT  OF  TESTS 
ON  POZZOLAN 


Report  No: 


Admixture  No: 


AD  549 


■  uni/rjt)  iAwm 


DESCRIPTION:  Silica  Fume 


COMPANY: Union  Carbide  Me ta Is  LOCATION :  Sheffield.  AL _ 


MEMO  NO:  1985 _ I  DATE:  10/6/75  I  JOB  MO: 

MEMO  SUBJECT:  Variations  in  Cementitious  Media 


545-C-530 


Alkalies  % 


Xa  a  0  % 


% 


Total  as  NmO% 


67.42 


_ 4.84  I 

11.29  I 


1  .94 


0.32 


4.03 


Water  So 


CHEMTCAI.  COMPOSITION 


Moisture  Content  %  2.10 


I  EOT.  %  (750  C)  14.15 

I  LOI.  %  (1000  C)  14.38 


Available  (C-613)  Acid  Soluble  Total  Alkali 


0.08  0.12  0.20 


0.18  I  0.24  0.62 


0.20  0.28  I  0.61 


PHYSICAL  TESTS 


Fineness 


%  retained  on  325  Sieve 


Tests  with  nor r land  eie.eat  cured  J  73.4  *  3  F 


i  Portland  Cement  Co 


Connressive  Strength.  180  days 


Compressive  Strength,  365  davs 


Water  -  Cement  Ratio 


Flow 


Llme-Pozz 


375ml  H20 


104%  Flow  880  psl 


W.  G  MILLER 
Chemist 

Chief,  Cement  &  Pozaolan  Test  Branch 


Structures  Laboratory 
USAE  Waterways  Exp  St 
ATTN:  Cem  f.  Pozz  Test  Br 
P.  0.  Box  631 
Vicksburg,  MS  39130 


REPORT  OF  TESTS 
ON  POZZOLAN 


Report  No: 


Admixture  No: 


POZZOLAN  CLASS:  I  DESCRIP f ION :  S ilica  Fume  _ 


COMPANY :  Interlake  Inc 


10/6/75  I  JOB  NO:  545-C-530 


I  MEMO  SUBJECT:  Variations  in  Cementitious  Media 


AD  550 


CaO 


I  Alkalies 


CHEMICAL  COMPOSITION 


Moisture  Content  % 

■ 

L  i.n _ 

KSZZiSi 

LOI ,  X  (750  C 


LOI ,  X  (1000  C 


Chloride  % 


NaZO 

% 

K?0 

% 

Total  as  NmO%  ' 

0.26 


Water  Soluble  (Available  (C-618)  Acid  Soluble  Total  Alkali 


1.  78  2.77  2. 


.  1.29  I  2.51  3.09 


2.63  4.42  4.63 


Specific  Gravity 


Surface  Area 


Tests  with  Portland  cement  cured  @  73.4 


Portland  Cement  Co: 


Location 


Research  Cement  No  &  Type 


Autoclave  Expansion,  20%  Replacement,  % 


%  Replace  of  Cement  by  Volume 


Heat  of  Hydration,  7  days,  Cal/gm 


Heat  of  Hydration,  28  days,  Cal/gm 


Compressive  Strength.  3  days  osi 


Compressive  Strength.  7  days 


Compressive  Strength.  28  days  psi 


Compressive  Strenet 


Compressive  Strength.  180  days 


Compressive  Strength,  365  days  psi 


Water  -  Cement  Ratio 


Flow 


PHYSICAL  TESTS 


Fineness 


%  retained  on  325  Sieve 


82 


Lime-Pozz 

225ml  H20 

83%  Flow  1640  psi 

W.  G.  MILLER 

Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 

Structures  Laboratory 
USAE  Waterways  Exp  St 
ATTN:  Cem  &  Pozz  Test  Br 
P.  0.  Box  631 
Vicksburg,  MS  39180 


REPORT  OF  TESTS 
ON  POZZOLAN 


Admixture  No: 


AD  551 


POZZOLAN  CLASS:  I  DESCRIPTION :  Silica  Fume 


1  COMPANY :  Interlake,  Inc.  LOCATION:  Beverly.  OH 


I  MEMO  NO:  1985  DATE:  10/6/75  JOB  NO: 


MEMO  SUBJECT:  Variations  in  Cementitious  Media 


Sample  No.  2 


545-C-530 


CaO  % 


Alkalies  % 


% 


K?0  % 


Total  as  NapO% 


93.58 


0.60 


0.26 


1.01 


0.50 


0.44 


Water 


CHEMICAL  COMPOSITION 


Moisture  Content  %  1  0.34 


LOI.  %  1750  C)  3.45 


3.74 


%  0.02 


Soluble  Available  (C-618)  Acid  Soluble 


0.05 


0.13 


0.10  I  0.14 


PHYSICAL  TESTS 


Specific  Gravity:  2.25 


Surface  Area:  163,000 _ socm/rc 

Tests  with  Portland  cement  cured  0  73.4 


Portland  Cement  Co 


Locat ion 


I  Research  Cement  No  &  T' 


Autoclave  Expansion,  20%  Replacement,  % 


%  Replace  of  Cement  by  Volume  l  o 


Heat  of  Hydration,  28  days,  Cal/gm 


Compressive  Strength.  3  days 


Compressive  Strength.  28  days 


0  days  psi 


Compressive  Strength.  180  days 


Compressive  Strength.  365  days  psi 


Water  -  Cement  Ratio 


Flow 


%  retained  on  325  Sieve 


0.842 


F80 


Structures  Laboratory 
USAE  Waterways  Exp  St 
ATTN:  Cem  5.  Pozz  Test  Br 
P.  0.  Box  631 
Vicksburg,  MS  391S0 


REPORT  OF  TESTS 
ON  POZZOLAN 


Report  No 
Admixture  No: 


AD  552 


DESCRIPTION:  Silica  Fume 


'  COMPANY:  Airco  _ 1  LOCATION:  Niagara  Falls.  NY _ 


MEMO  NO:  1985  DATE:  10/6/75  JOB  NO :  545-C-530 


MEMO  SUBJECT:  Variations  in  Cementitious  Media 


CHEMICAL  COMPOSITION 


Moisture  Content  X  I  0.54 


0.95  I  LOI .  % 


1.09  |  TiO? 


0.04 


0.43  |  |  MnyOj  _ 7.  I  0.08 

'iter  Soluble  fAva i 1  able  (C-618)i  Acid  Soluble 


!  0.06  0.05 


i  0.22  I  0.21 


0.20  I  0.19 


Total  Alkali 


PHYSICAL  TESTS 


Fineness 


Heat  of  Hydration,  7  days,  Cal/gm 


Heat  of  Hydration,  28  days,  Cal/gm 


Compressive  Strength.  3  days  psi 


Compressive  Strength.  7  days 


Compress ive  Strength.  28  days  psi 


0  days 


Compressive  Strength.  180  days 


Compressive  Strength,  365  days  psi 


Water  -  Cement  Ratio 


Flow 


%  retained  on  325  Sieve 


e  ■ 


Autoclave  Expansion,  20%  Replacement 

_ 

%  Replace  of  Cement  by  Volume 

0  1 

!  30 

60 

Lime-Pozz  Comp  Str 


330ml  H20 


86  7.  Flow 


2270  psi 


W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


Structuros  Laboratory 
USAE  Waterways  Exp  St 
ATTN:  Com  &  Pozz  Test  Br 
p.  0.  Box  631 
Vicksburg,  MS  39180 


REPORT  OF  TESTS 
ON  POZZOLAN 


Report  .No: 
Admixture  No: 
Date: 


AD  553 


DESCRIPTION:  Silica  Fume 


LOCATION:  Niagara.  NY _ 


10/6/75  I  JOB  NO:  545-C-530 


I  MEMO'  SUBJECT:  Variations  in  Cementitious  Media 


_ 7. 

CaO  % 


I  Alkalies  7, 


CHEMICAL  COMPOSITION 


80.  7  L 


3.62  I  I.OI.  %  (750  C 


0.5  7  I  I.OI.  %  (1000  C 


9.86  I  TiO?  % 


Chloride  % 


0. 14 


Available  ( C—  6 1 8 )|  Acid  Soluble  | Total  Alkali 


KaO  % 


Total  as  Na?0% 


Specific  Cravitv:  2.29 


PHYSICAL  TESTS 


Fineness 


Locat ion : 


Autoclave  Expansion,  20%  Replacement,  % 


%  Replace  of  Cement  by  VoLume  0 


Heat  of  Hydration,  7  days,  Cal/gm 


HeaC  of  Hydration,  28  days,  Cal/gm 


Compressive  Strength,  3  days  r 


Compressive  Strength.  28  days 


0  days  psi 


Compressive  Strength.  180  days 


Compressive  Strength.  365  days 


Water  -  Cement  Ratio 


Flow 


%  retained  on  325  Sieve 


e  =  0.821 


Lime-Pozz 

360ml  H20 

95%  Flow  1960  psi 

W.  G.  MILLER 

Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 

St 

ructures 

,  Lab. 

oratory 

US 

AE 

Wa  tot 

wa  y  s 

Exp  St 

AT 

TN 

:  Cem 

{,  Po: 

: z  Test  Br 

P. 

0 

.  Box 

631 

Vi 

C  k  ’ 

sburg. 

MS 

39180 

REPORT  OF  TESTS 
ON  POZZOLAN 


Admixture  No: 


AD  557 


DESCRIPTION:  Silica  Fume 


JOB  MO:  545-C-530 


lE'IO  SUBJECT:  Variations  in  Cementitious  Media 


CHEMICAL  COMPOSITION 


0.22 


11.25 


11.00 


7. 


X 


7.  0.93 


Chlori de 


I  Alkalies  7. 


Water  Soluble 


(Available  ( C—  618)1  Acid  Soluble 


Total  Alkali 


0.19 


0.63 


0.60 


Specific  Gravit 


PHYSICAL  TESTS 


Finenes 


%  retained  on  325  Sieve 


e  =  0.840 


Tests  with  Portland  cement  cured  @  73.4 


Portland  Cement  Co 


Location 


I  Research  Cement  No  &  Type: 


Autoclave  Expansion,  20%  Replacement,  % 


%  Replace  of  Cement  by  Volume  0 


Heat  of  Hydration,  7  days,  Cal/gm 


Heat  of  Hydration,  28  days,  Cal/gm 


Compressive  Strength,  3  days 


Compressive  Strength.  7  days  psi 


Compressive  Strength.  28  days 


Compressive  Stren 


Compressive  Strength.  180  days  psi 


Compressive  Strength.  365 days  psi 


Water  -  Cement  Ratio 


Flow 


Lime-Pozz 

34 Oral  H20 

60%  Flow  1630  psi 

W.  G.  MILLER 

Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 

Structures  Laboratory 

USAE  Waterways  Exp  St 

REPORT  OF  TESTS 

ATTN:  Cem  &  Pozz  Test  Br 

P.  0.  Box  631 

Vicksburg,  MS  39180 

ON  POZZOLAN 

Admixture  Ho: 


AD  558 


POZZOLAN  CLASS:  I  DESCRIPTION :  Silica  Fume 


1  COMPANY:  Hanna  Mining  LOCATION:  Wenatchee,  WA 


I  MEMO  NO:  1Q8S _ I  DATE:  10/6/75  1  JOB  NO: 


MEMO  SUBJECT:  Variations  in  Cementitious  Media 


545-C-530 


CaO  X 


Alkalies  X 


X 


K?0  X 


0.  30 


0.68 


Water  Soluble 


CHEMICAL  COMPOSITION 


Moisture  Content  % 


LOI .  %  (750  C 


LOI.  %  (1000  C 


X 


iiekh 

2 

IIESB3 

% 

0.  31 

(Available  (C-618)| 


0.60 


i  0.54 


0.96 


Chloride 


Acid  Soluble 


0.84 


0.92 


1.45 


Total  Alkali 


PHYSICAL  TESTS 


Fineness 


orosi 


3  F 


%  retained  on  325  Sieve 


e  =  0.825 


Portland  Cement  Co 


Location: 


I  Research  Cement  No  &  Type 


Autoclave  Expansion,  20%  Replacement,  % 


2  Replace  of  Cement  by  Volume 


Heat  of  Hydration.  7  days,  Cal/gm 


Heat  of  Hydration,  28  days,  Cal/gm 


Compressive  Strength.  3  days 


Compressive  Strength.  7  da- 


Compressive  Strength.  28  days  psi 


0  days 


Compressive  Strength,  180  days  psi 


Compressive  Strength,  365  days 


Water  -  Cement  Ratio 


Flow 


Lime- Pozz  Comp  Str 

340ml 

88%  Flow  910 

W.  G.  MILLER 

Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 

Structures  Laboratory 

Report  No: 

USAE  Waterways  Exp  St 

REPORT  OF  TESTS 

Admixture  No: 

ATTN:  Com  6  Pozz  Test  Br 

ON  POZZOLAN 

AD  560 

P.  0.  Box  631 

Date : 

Vicksburg,  MS  39180 

- - - 1 

POZZOLAN  CLASS :  F 


CO)  IP  ANY  :  A  max 


MFMO  NO: 


Smyrna,  GA _ 


JOB  NO:  545-C-530 


CaO  X 


!  Alkalies  % 


% 


% 


Total  as  Na;0% 


133331 


Chloride  % 


CHEMICAL  COMPOSITION 


Moisture  Content  %  I  0.52^ 


1.29 


LOT.  /  aooo  c 


1.40  i  I  TiO?  % 


0.25  I  P?Os  % 


2.78  Mn?Oa  X 


Available  C C—  618)1  Acid  Soluble 


0.001  I  0.12 


0.001  i  0.94 


0.74 


Total  Alkali 


0.43 


PHYSICAL  TESTS 


2.60  I  Fineness 


Surface  Area 


Tests  with  Portland  cement  cured  0  73.4 


Portland  Cement  Co:  Citadel 


Location:  Birmingham,  AL 


Research  Cement  No  &  Type:  RC-705,  II,  LA,  HH 


Autoclave  Expansion,  20%  Replacement,  %  -0.02 


%  Replace  of  Cement  by  Volume  0 


Heat  of  Hydration,  7  days,  Cal/gm 


%  retained  on  325  Sieve 


e  = 


SI 


Compressive  Strength.  3  days 


Compress i ve  Strength.  7  days 


Compressive  Strength.  28  days 


0  days 


Compressive  Strength.  180  days 


Compressive  Strength,  365  days 


Water  -  Cement  Ratio 


Flow 


Lime  Pozz  Str  173ml  H20 ,  Flow  107%  2000  psi 


Pozzolanic  Activity  Index  with  Portland  Cement  (RC-705) 

Portland  Cement  Compressive  Strength  4750  psi  (Control) 

Portland  Cement  +  Pozzolan  Compress  Strength  6730  psi  (142%  of  Control) 


W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


Structures  Laboratory 
USAE  Waterways  Exp  St 
ATTN:  Cera  &  Pozz  Test  Br 
P.  0.  Box  631 
Vicksburg,  MS  391SO 


REPORT  OF  TESTS 
ON  POZZOLAN 


Report  No: 


Admixture  No: 


AD  570 


DESCRIPTION:  Flv  Ash 


LOCATION:  Purvis.  MS  _ 


I  MEMO  NO:  lORS  I  DATE :  10/6/75  JOB  NO:  545-C-530 


MEMO  SUBJECT:  Variations  in  Cementitious  Media 


Alr.alies  % 


% 


I  K?0  7 


EBB 

wm 


Water  Soluble 


Chloride 


CHEMICAL  COMPOSITION 


Moisture  Content  % 


LOI ,  X  (750  C 


LOI ,  7  (1000  C 


7. 


% 


% 


Available  ( C—  618)1  Acid  Soluble 


Total  Alkali 


0.37 


2.78 


2.20 


Specific  Gravity 


Surface  Area: 


PHYSICAL  TESTS 


Fineness 


norositv 


•  3  F 


Portland  Cement  Co 


Location: 


Research  Cement  No  &  Type: _  RO-683 


Autoclave  Expansion,  20%  Replacement,  7. 


7.  Replace  of  Cement  by  Volume 


Heat  of  Hydration,  7  days,  Cal/gm 


Heat  of  Hydration,  28  days,  Cal/gm 


Compressive  Strength,  3  davs  nsi 


Compressive  Strength.  7  days 


Cormressive  Strength.  28  davs 


%  retained  on  325  Sieve 


e  =  0.519 


Citadel 


Birmingham.  AL 


RC-705 ,  II.  LA.  HH 


0.03 


0  30  I  60 


Compressive  Strength.  180  davs 


Conprcssive  Strength,  365  days 


Water  -  Cement  Ratio 


Flow 


2950 


4390 


6030 


6550 


7230 


6790 


0.485 


114 


0.513 


112 


0.485 


122 


Lime  Pozz  Str  175ml  H20  Flow  106%  1550  psi 

Pozzolanic  Acitivity  Index  with  Portland  Cement  (RC-705) 

Portland  Cenent  Compressive  Strength  4590  psi  (Control) 

Portland  Cement  +  Pozzolan  Compressive  Strength  5280  psi  (115%  of  Control) 


W.  G.  MILLER 
Chemist 

Chief,  Cement  &  Pozzolan  Test  Branch 


24  Nov  78 


LABORATORY  REPORT  NO.: 

K-  REPORT  OF  TESTS  W=S-295F-78 

C/Engrg  Sci  Div  on  pozzolan 

Structures  Laboratory  (crd-c  262) 

AD-577 


CLASS  (  «)  N  KINO  OF  POZZOLAN:  Fly  ASh 


BRAND 


TEST  RESULTS  OR  THIS  SAMPLE  LOT  QJ  COMPLY  [j  DO  NOT  COMPLY  PITH  SPECIFICATION  LIMITS  (SEE  REMARKS) 


FOR  USE  AT: 


CON-TRACT 


OlSTBiCTIS) 


LEO  0 Y 


CAR  NO- 


FIELD  SAMPLE  no.: 


DATE  SAMPLED- 


DATE  RECEIV  EO 

LAS  JOB  NO.: 

[ 

TESTED  BY: 

CHECKED  BY. 

E  OP  THE  IOO-TOn  SAMPLES  LISTEO  BElO* 


S.Oj  •  Al2o,  | 

1  Mg  O 

*  '*2°.  !  i 

..  _  ' _ L _  1 

1 

*>1 

% 

f 

AVAILABLE  J  POZZOLAN  | 

ALKALIES  j  STRENGTH 

%  1  *1  CONTROL 

_ _ _ _ _ 1 

INCREASE  in  ^ 
SHRINKAGE 

la)  j 

AUTOCLAVE 
EXPANSION  | 

- 

REDUCTION  >N  ! 
,  EXPANSION 

%  (b) 

REQUIREMENTS 

MAX  4.0  I  MAX  1.5  I  MIN  75 


TEST  RESULTS 


I  0.51 


TESTS  ON  SAMPLES  REPRESENTING  I OO  TONS  OR  LESS 


MA  X  0.50  |  MIN  75 


REQUIREMENTS 


MIN 

MAX 

6500 

20 

MIN 

0 


TEST  RESULTS 


0.16  I  0.60 


- 1 

Alkalies  i 

1  Total  as 

1 

Available:  1 

1  Na.0% 

NatO:  Oj  33% 


Water  Soluble  I 


|K„0 :  0J001%. 


<•)  APPLICABLE  ONLY  to  CLASS  N 
lb)  OPTIONAL  REQUIREMENT 


LABORATORY  C SPENT  USED  . 
LABORATORY  LIME  USED  _ _ 


Bow!.**  Ref.  ltr  from  TXI,  Midlothian,  TX  dtd  4/5/78 

This  pozzolan  blended  with  RC-£07'_CA)  to-odJTe  Rfo-80? 
Sample  size  approximately  40aL 

MILLER 
J  Chemist 


Will 


UlMitWi 


NOTE  THE  INFORMATION  GIVEN  In  This  REPORT  Small  NOT  BE  uSEO  IN  ADVERTISING  OR  SALES  PROMOTION  TO  inOICATE  OTHER 
EXPLICITLY  OR  IMPLICITLY  ENDORSEMENT  OP  THIS  PROOuCT  BY  TmE  U.  S.  GOVERNMENT. 


